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Note on the secondary stresses in lattice girders. 


Figs. 1 to 13, pp. 278 to 288. 


The mathematical investigation of sec- 
ondary stresses in lattice girders has for 
a long time exercised the minds of 
many engineers in all countries. The 
_ opinion of most practical engineers is to 
attribute little importance to them as 
affecting the elastic deformation of the 
structures. As a matter of fact the 
knowledge of secondary stresses, in gen- 
eral, is very slight. As the calculations are 
laborious and tedious, few engineers take 
the trouble to make them and thereby 
clear up their ideas. The problem none 
the less exists, and is still receiving the 
attention of technical experts. In recent 
years, American engineers have contri- 
buted towards the solution of the quest- 
ion, both theoretically and by tests of 
bridges. 

The object of the present article is to 
summarise the latest information on the 
subject available in Anglo-Saxon coun- 
tries. In an article appearing in the: 
Proceedings of the American Society of 
. Civil Engineers, September 1924, Mr. Gecil 
Vivian von Abo, under the heading Sec- 
ondary Stresses in Bridges, deals with va- 
rious methods of calculating the secon- 
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dary stresses in lattice girders with rigid 
connections, and applies them to the par- 
ticular case of a Warren girder with in- 
termediate vertical members. 

In the first place, it must be remem- 
bered that the secondary stresses are due 
to various causes, such as, eccentric con- 
nections and rigid joints. In any trian- 
gulated system the neutral axes of the 
members must intersect at the joints. 
If-this condition is not satisfied, secon- 
dary bending moments are introduced at 
the ends of the members equal to the 
product of the principal tension multi- 
plied by the eccentricity. 

Moreover, in any triangle the primary 
stresses elongate or shorten the members, 
producing variations in the angles which 
are resisted by the rigidity of the joints. 
The fact that the angles cannot alter sets 
up secondary bending moments. It is 
mainly the determination of these mo- 
ments and stresses which has exercised 
the ingenuity of investigators. 

Mr. von Abo gives in his article a very 
complete bibliography. He points out 
that Manderla, in 1879, first shewed how 
the problem could be solved.. 
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In 4877, the Polytechnic School at Mu- 
nich offered a prize for a solution of the 
problem worded by Professor Asimont as 
follows: « What stresses occur in the 
members of a bridge truss owing ito the 
fact that the angles of the truss triangles 
suffer no change. » 

In 1879, H. Manderla, Assistant at the 
Polytechnic Schoool at Munich, submit- 
ted an excellent solution of the problem. 

Since that time. Engesser, in 4879, 
Winkler in 1881, Landsberg in 1885, 
Miiller-Breslau and Ritter (1890) and 
Mohr (1892) have published alternative 
solutions. 

In 1902, Professor Patton of Moscow 
published a remarkable work on these 
secondary stresses. Other professors 
and engineers, amongst them being Isami 
Hiroi, of the Tokio University in 1905, 
and Pirlet, of Aix-la-Chapelle, have writ- 
ten interesting articles on this subject. 

In 1943, José Péez, and in 1947, 
Dr. Mao, presented theses on secondary 
stresses, to Cornell University in the 
United States. These names should not 
let us overlook the valuable and accurate, 
though concise and to the point, contri- 
butions the French experts have made 
to the study of secondary istresses. The 
names of Mesnager, the inventor of the 
« free joint », Rabut, Dupuy and Resal 
are sufficient, to illustrate the part taken 
by French science in this investigation. 
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In practice, the fundamental data on 
which the calculations are based are the 
angular changes resulting from the strains 
caused by the primary stresses. 

For any given joint the deflection angle 
of one of the members is selected as the 
unknown quantity, The deflection angles 
of the other members are the sum of the 


reference deflection angle and the chan- 
ges of the angles. 

These angular deflections determine 
the moments at the ends of the members. 

The linear equations for every joint 
will contain the deflection angles of all 
ithe members that enter at the joint, as 
each joint is in equilibrium under all 
bending moments about the joint. 

In any triangle abe with angles «By 
under unit stresses $,, 89, 83, 


c 
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Fig. 4. 


the lengths of the sides being /,, Jo, /3, the 
changes of angle 6a, 08, dy are expressed 
by the equations : 

Koa = (s3 — se) cot B + (s3 — s,) cot y; 
Hop = (sy $3) col y + (4 — Sg) cot a; 
Eoy = (S2 — 84) cot a + (sg — $3) cot B. 


It is obvious that da + 68 + dy = 0 


Let any number of members ni, n2, 
mm meet at a joint n, and if +,, is the 
deflection angle of the member n1, the 
deflection angles of the following members 
will be: 

Tae Tat Le Oat, 
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Considering the two ends of a member 
of a lattice girder, if t, and 72 are the refer- 


ence deflection angles of the ends reckon- 
ed positively in the same direction (for 
example, clockwise) the resulting mo- 
ments can be expressed by the equations : 
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M, = TT Gt + 7:2), 
2EI 
M, = j (2<2 + 7) 


By putting & M = 0 for each joint, we 
obtain as many simultaneous linear equa- 
tions as there are joints, the unknowns 
being the reference deflection angles 7. 
We can calculate the value of + for each 
joint and the corresponding bending 
moments at the ends of every member. 

The usual expression for bending 
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allows us to calculate the secondary 
stresses resulting from thesé assumed 
conditions. 

The choice of an arbitrary reference 
angle + and the calculation of these + in 
order of the changes of angle form the 
bases of Manderla’s simplified method. 

When using Mohr’s method the deflec- 
tion angle of the joint is taken as the 
original unknown quantity, This angle 
is that through which 'the whole rigid 
joint turns during the deformation of the 
girder, 
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The¥member originally in position 1-2 
occupies the mean position 1-2/ when 
deflected and has moved through “the 
angle 4, 9. The rigid joints 1 and 2 have 
moved through angles o, andy, which 
are constant for each of the members of 
the same joint (the joint being supposed 
to be indeformable) forming the angles 7, 
and t, which give rise to the secondary 
stresses. 
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Manderla’s method makes use of the 
‘angles + themselves, while Mohr’s method 
substitutes for them the deflection angles 
o of the joints, 

The angles |} may be determined di- 
rectly by numerical calculation or by 
graphics if a Williott displacement dia- 
gram for the deformation isdrawn. The 
construction of this diagram avoids the 
lengthy calculations of 6a, which are 
necessary in the application of Manderla’s 
method. 

If the end of a member has moved 
through a normal distance } measured on 
= 

So far as physics are concerned, Mohr’s 
method determines the angles 9, which 
best shew the deformation of the girder. 

Mr. von Abo has applied in turn the dif- 
ferent methods to a railway bridge having 
main girders of the Warren type with 
vertical members, and has come to the con- 
clusions, corroborated by most engineers, 
that Mohr’s method is the quickest and 
the most practical. It is essential to pro- 
ceed methodically and to systematically 
solve the series of simultaneous linear 
equations for ¢ or 9. 


the diagram, the angle | 
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Mr. von Abo’s paper contains some 
very interesting diagrams showing the 
influence lines for secondary stresses at 
the ends of the various members of the 
girder. We show these in figures 3 to 13 
which follow. 


The written discussion which followed 
the publication of this paper produced an 
expression of opinion from many Amer- 
ican engineers thoroughly conversant with 
this question. The majority were of the 
opinion that Mohr’s method iis the most 
practical for the calculation of secondary 
stresses. 


Mr, O. H. Ammann thought that the 
calculation of these stresses was really of 
little importance and that it would not 
appreciably decrease the « factor of ignor- 
ance » in the design of a structure. There 
were too many other factors concerned. 
It was therefore hardly likely that these 
calculations would enter into general 
practice. Moreover, Mr. Ammann drew 
attention to the increaséd rigidity due to 
the gusset plates at the joints, and consi- 
dered that ‘in consequence the calculated 
stresses were not the true maximum 
stresses. 

It was very difficult to introduce these 
factors into the calculations. Observa- 
tions show that ‘the maximum stresses at 
the joint of the member with the gussets 
may be obtained by multiplying the theo- 
retical stress by the ratio of the free 
length between the gussets to the theore- 
tical length of the member. 

Thesé maximum stresses were therefore 
greater than the theoretically calculated 
stresses. Mr. Ammann believed, that the 
increased strength of the girder due to 
the rigidity of the gusset plates more 
than compensated for any increase in 
secondary stresses. 


Mr. Turner considered that too much 


importance had been attached to secon- 
dary stresses. The torsion of certain 
compression members and their deforma- 
tion under eccentric loading give rise to 
greater variations in ‘the stress than the 
rigidity of the joint. It was wrong to 
attribute certain failures of badly con- 
structed bridges in Germany to secondary 
stresses. 

The gusset plates were of greater assist- 
ance in inereasing the rigidity of the 


‘ girder and decreasing its sensibility to 


vibration under the effect of impact than 
they were undesirable owing to the sec- 
ondary stresses they caused. 


Mr. Charles Evan Fowler had carried 
out direct determination of stresses on 
railway arch bridges at Niagara. The de- 
termination of the maximum secondary 
stresses only interested engineers in al- 
lowing them to adopt a higher unit stress 
in the material. The ideal would be to 
utilise the metal up to its elastic limit, 
all the conditions of stress being known 
and evaluated. 

In the case of the Niagara bridge, 
stresses of from 16000 to 20000 Ib. per 
square inch exist (the elastic limit of the 
material being 30000 Ib.). The experi- 
ments carried out on this bridge have 
shown that the secondary stresses are not 
dangerous. It may be mentioned that no 
appreciable secondary stresses were found 
in the region of the large gusset plates. 

Mr. Charles Evan Fowler also consider- 
ed that there was an automatic adjust- 
ment of stress when the elastic limit is 
approached. 


Mr. H. M. Mackay pointed out that the 
proposed methods of calculation of sec- 
ondary stresses were based on two fun- 
damental hypotheses : 


1. that the joints were absolutely rigid; 
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2. that the moment of inertia of the 
members remained constant along their 
whole length. 


Neither of these was completely realis- 
ed; a slight deformation of the joints 
decreased the secondary stresses; an in- 
crease of the moment of inertia from the 
extremities towards the middle of ithe 
member on the other hand increased 
them, 


Mr. George E. Beggs stated that it 
would be possible experimentally to de- 
termine the secondary stresses on small 
laboratory models in celuloid or card- 
board. These models were already used 
for the investigation of certain hyper- 
statical systems, continuous rigid arches 
and gantries by the application of Max- 
well’s principle of reciprocal deforma- 
tion. 


Mr. D. B. Steinmann had calculated 
and measured the secondary stresses in 
the arches of the Hell Gate Bridge. He 
considered that it was desirable to intro- 
duce the influence of the gusset plates 
in the calculations. For this purpose it 
was sufficient to consider I as varying 
along the member, being constant be- 
tween the attachment, and variable under 
the gusset plates. 

From the point of view of these calcula- 
tions, the only modifications might be 
made in the numerical coefficients in 
the linear equations for 7 or ¢. There 
was therefore no «special difficulty to 
overcome. The effect of the gusset plates 
had been taken into account in the cal- 
culation of the stresses for the new rail- 
way bridge at Niagara for the Michigan 
Central Railroad. 

It was sometimes considered that the 
measured secondary stresses exceeded the 
calculated stresses. This was not the case 


if the calculations had been properly 
made. 


Mr. Thomas C. ‘Shedd discussed some 
of the clauses dealing with secondary 
stresses in official specifications for the 
calculation of steel bridges, 

The rule of the American Railway En- 
gineering Association (1920-1922), under 
the heading secondary stresses states : 


The girder shall be designed in such a 
way as to avoid secondary stresses as far 
as possible. In ordinary lattice work 
without secondary triangulation no ac- 
count should be taken of these stresses 
for members in which the ratio of width 
in the plane of the girder to the length is 
less that 1/10. In the case of members 
where this ratio is exceeded or in lattice 
girders with secondary triangulation, the 
secondary stresses should be calculated. 
The limiting stress in the metial fixed at 
16 000 Ib. per square inch may be raised 
by one-third to include this, provided 
that under the primary stress alone the 
metal shall not be stressed more than 
16 000 Ib. per square inch. 

A similar rule is contained in the offi- 
cial regulations for the calculation of 
steel road bridges of the United States 
Department of Agriculture. 

The only difference between this and 
the preceding rule is that the increase of 
33 % is reduced to 30 %. 

The rule of the New York Central Lines 
Company states that the calculations 
should be made in every case. 

The ‘secondary stresses due to the rigi- 
dity of the joint are always to be calculat- 
ed. The maximum stress of 18000 Ib. 
per square inch may be increased by one- 
third when taking these into account. 
The secondary stresses due to eccentri- 
city of the attachments of members and 
to transverse bending are also to be cal- 
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culated. No inerease in the working 
stress is allowed in this case. 

The Pennsylvania Railroad also re- 
quires that ithe secondary stresses of 
every kind shall be calculated. 

It would appear from these American 
specifications that'a good deal of import- 
ance was attached to secondary stresses. 
Actually the increase in 'the working 
stress was arbitrary; it was convenient to 
fix one maximum stress for the sum of 
the two stresses primary and secondary. 
Only in this way could the factor of sa- 
fety be increased and be equal in all the 
members of the girder. 

The calculation of secondary stresses in 
accordance with the methods given was 
not always entirely satisfactory, in that 
they did not take into account the varia- 
tion in the moment of inertia. Large 
gusset plates at the ends might have con- 
siderable effect on the distribution of 
the stresses whilst inside the gusset plates 
themselves the distribution of the stresses 
was inknown. Certain engineers believed 
the ratio of the breadth of the member 
to its length to be taken into account as 
the principal factor. The question then 
arose what length was to be taken, the 
theoretical length between ‘the joints or 
the free length between the gusset plates. 
In brief, whilst the problem had been 
very fully examined from a mathematical 
point of view, no light had been thrown 
upon a number of interesting technical 
points which would assist the designer to 
get out designs for the strongest and 
most durable structure for a given weight 
of metal. 


Mr. Hardy Cross asked what immediate 
use could be made of the calculations of 
secondary stresses. It would in the first 
place be unlikely that anyone would mo- 
dify the design of the girder in order to 


eliminate these stresses. On the other 
hand it was not to be recommended in the 
present state of our knowledge of the 
subject that we should design the mem- 
bers for the combined effects of pri- 
mary and secondary stresses with an in- 
creased working stress. Mr. Hardy Cross 
considered : 


a@) That secondary stresses were of less 
relative importance for members in ten- 
sion than for members in compression; 

b) In compression members the secon- 
dary stresses at the extremities with op- 
posite signs might be advantageous seeing 
that they would oppose deflection in any 
one direction and tend to form an inter- 
mediate point of contraflexure; 

c) The secondary stresses were less im- 
portant than the primary stresses, because 
of their localisation; this was especially 
the case when dealing with deflections in 
two planes perpendicular to each other; 

d) At the present time we know very 
little of the influence of impact on the 
secondary stresses; it was possible from 
this point of view that gusset plates had 
the effect of diminishing the intensity 
of the vibration; they would therefore im- 
prove the conditions of the member 
from a dynamic point of view in spite 
of the fact that they gave rise to secon- 
dary stresses. 


These considerations should not hinder 
the study of the problem, provided that 
the conclusions were merely concerned 
with the localisation of dangerous points 
without justifying an increase in the per- 
missible working stress. Moreover, the 
true influence of secondary stresses on 
safety was far from being determined, 
having regard to the foregoing considera- 
tions. 


Mr. Edward Godfrey was of the opi- 
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nion that in the first place one should 
only consider under the term of secon- 
dary stresses the stresses due to the rigi- 
dity of the joints. It would in the first 
place be interesting to know if tthe 
stresses were really of sufficient import- 
ance to justify the long and laborious 
calculations required to determine them. 
The writer was of the opinion tthat these 
stresses arising from deformation need 
not be considered. No bridge had failed 
on account of secondary stresses and no 
structure well designed and well con- 
structed would fail through deformations 
of this kind. It must not be forgotten 
that steel is a ductile material and is not 
brittle like glass, and that it can in con- 
sequence undergo certain deformations 
which would be dangerous in the case of 
brittle material. 

An engineer familiar with existing 
structures might recall a number of cases 
in which the theoretical stresses should 
lead to the failure of the structure. This 
proved that in many cases there was an 
actual adjustment of stresses which auto- 
matically produced a state of equilibrium, 
and this justified the secondary stresses 
being ignored. It was well to differen- 
tiate from the point of view of elasticity 
between stable equilibrium and unstable 
equilibrium (buckling) of a loaded strut, 
for example, or of the bending of a mem- 
ber subjected to repeated alternating 
loads in opposite directions. A bar of 
mild steel when tested can undergo, with- 
out cracking, bending round a very small 
diameter, while it would quickly break if 
bent in alternate directions. 


It could therefore be assumed as re- 
gards the secondary stresses resulting 
from the rigidity of the joints — and this 
opinion was shared by Messrs Steinmann 
and Ammann — an actual readjustment 
of stresses occurred in practice. 


In practice, imperfections in the con- 
struction and erection of structures caus- 
ed higher secondary stresses than those 
with which we have been dealing. The 
malleability and the ductility of steel are 
essential properties which allow the metal 
to undergo the necessary deformation, 
and the same properties come into play 
as regards deformations caused by the 
rigidity of the joints. An important 
example of a structure in which numer- 
ous secondary stresses occur is the Forth 
Bridge. This structure owes its excep- 
tional strength to the excellent design 
and notably to the rigid joints which give 
rise to secondary stresses. 


Mr. F. P. Shearwood. — The object to 
attain was to construct a strong structure, 
as rigid and as durable as possible, with 
the minimum of material. The theo- 
retical calculation of the stresses was 
necéssary, not from an academic point of 
view, but in order to compare the cal- 
culated stresses in the structure with those 
in other structures which have proved to 
be satisfactory. The secondary stresses 
were attributed to the rigidity of the 
joints, and it was sometimes assumed that 
these would disappear if the structure 
were pin jointed. Actually these stresses 
occur in all lattice work structures. Un- 
like the primary stresses, they disappear- 
ed or were reducéd by slight deforma- 
tions of the metal. They could not there- 
fore have any great influence on the sa- 
fety of a structure. 

The writer agreed on many points with 
Mr. Godfrey. <A practical engineer knew 
that even in those structural steel works 
where the greatest care and accuracy was 
exercised, the metal was always subjected 
to stresses which were higher than those 
in normal service. It was rather strange 
therefore that steel, which was the most 
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ductile of metals, was the only one in 
which this property was deliberately 
neglected. All statically indeterminate 
stresses were avoided and no reliance was 
placed upon the continuity of the mem- 
bers. The determination of secondary 
stresses would be of interest if it were 
proved experimentally that they could 
have an appreciable effect on the stabi- 
lity of the structure. Actual results ob- 
served in practice shew that the features 
which gave rise to these stresses were 
rather a source of strength than of weak- 
ness. 


Mr. Lawrence J. Waller. — The calcula- 
tion-of secondary stresses was based on 
three fundamental assumptions : 


1, That the angles at the joints remain- 
ed perfectly constant; 

2. That the members were deformed 
elastically between the joints; 

3. That the members had a constant 
moment of inertia throughout-their whole 
length. 


In practice the rigidity of the gusset 
plates was a variable factor. If some had 
moments of inertia comparable to the mo- 
ment of inertia of the members, others 
had reduced moments of inertia. More- 
over, the means of attachment — rivets — 
were not always perfectly rigid and a cer- 
tain amount of movement might take 
place between the rivetted parts. 

In any case these remarks shewed that 
it was misleading to treat this question 
with too great mathematical exactitude. 

Owing to the variable inertia of the 
gusset plates, their action on the mem- 
bers was indefinite and could not be 
accurately determined by mathematical 
methods. Moreover, in practice, on large 
structures the moment of inertia was 
never constant throughout the whole 
length of the member. 


The value of the stresses — primary 
and secondary — calculated by the ordin- 
ary methods was modified by the follow- 
ing circumstances : 


1. Influence on the axial primary 
stress of the increase of section due to 
the gusset plates and attachments; 

2. Influence on the bending stress aris- 
ing from variations in the moments of 
inertia of the gusset plates; 

3. Errors in workmanship, incorrect 
spacing of rivets, improper fitting of sur- 
faces in contact under compression, 
slight errors in setting out, etc.; 

4, Tnitial stress due to cold straighten- 
ing the members; 

5. Difference in temperature between 
various elements of the girder; 

6. Bending between the joints due to 
the dead weight of the member; 

7. Bending of the upright members due 
to the attachment of the floor members; 

8. Torsion in the booms due to vertical 
rotation of the ends of members resulting 
from partial floor loading; 

9. Longitudinal stresses due to friction 
in the expansion fittings; 

10. Decrease in stress due to the ‘action 
of the flooring as a member in tension; 

41. Uneven distribution of the stresses 
throughout the rolled section. 


It was only necessary to quote these 
causes of variation to illustrate the use- 
lessness of carrying out with extreme ac- 
curacy calculations for secondary stresses, 
and consequently Mohr’s semi-graphic 
method might be considered to be suffi- 
ciently accurate. 

As regards the constancy of the angles 
at the joints, it might be mentioned, how- 
ever, that the most recent Swiss experi- 
ments seemed to prove the validity of this 
assumption in the calculations of secon- 
dary stresses. 


teh 


Mr. R. McC, Beanfield also drew atten- 
tion to the causes of error existing in the 
calculation of secondary stresses from the 
assumptions that I remained constant and 
that the angles at the joints remained 
constant. This last assumption is largely 
invalidated by tthe movement at the ri- 
vetted joints and by the elasticity of the 
gusset. plates. 

The author believes that instead of 
making calculations of doubtful value, it 
would be much better to pay greater 
attention to the length of members dur- 
ing erection, by lengthening or shortening 
them according to the changes expected. 
This would get rid of most of the sec- 
ondary stresses. 


* 
* * 


The summary of the written discussion 
on Mr. von Abo’s paper, gives briefly all 
the arguments which have already been, 
and can be, put forward on the question 
of secondary stresses. 

The diagrams (figs. 3 to 13) showing 
the influence lines for the stresses indi- 
cate their relative magnitudes in the ex- 
ample taken. 

It may be noted that generally speaking 
the angular variations are proportional to 
the primary stresses. The secondary 
stresses are therefore proportional to the 
primary stresses. 

If all the members of the lattice girder 
have the same moment of inertia and the 
same length, and if they are symmetrical, 
the equations show that the bending 
moments are proportional to 7 On the 
other hand, if H is the depth of the sym- 
metrical section the stresses are pro- 
portional to Me Taking in account the 


ratio of M ‘ge it is to be concluded that 


i 


the secondary stresses are proportional 
to H, the depth of the section in the plane 
of the girder and inversely proportional 
to L, the length of the member. 


* 
* * 


Particular stress is laid upon these con- 
clusions in a report of the « American 
Railway Engineering Association »: Iron 
and Steel Structures, January 19414, as the 
result of experimental tests and calcula- 
tions on lattice girder railway bridges. 

A summary of these interesting conclu- 
sions is given below : 


1. In a lattice girder, the deformations 
being proportional to the primary stresses, 
the secondary stresses are proportional 
to the primary stresses whatever the 
loading; 

2. Other things being equal, in a sym- 
metrical section the secondary stresses aré 
proportional in the ratio s 
the depth of the member in the plane of 
the girder, and L the length of the 
member. 

Therefore, in two girders of the same 
type in which the length of the members 
and the moments of inertia are propor- 
tional, if in one the ratio of the depth of 
the members to their length is double 
that in the other, the secondary stresses 
will also be double in proportion; 

3. The secondary stresses for any mem- 
ber depends upon the angular deforma- 
tion of all the others, but mainly on the 
angular deformation of ‘the adjacent 
triangles; 

4, These conclusions enable the value 
of the secondary stresses in any given 
type of girder to be determined approxi- 


H being 


mately beforehand when the ralio “ 
is known; 
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5. The stresses are lowest for members 
of constant dimensions. Sudden changes 
in the length and moment of inertia 
cause large variations in the secondary 
stresses ; 

6. Triangulation by equilateral triangles 
without vertical members produce the mi- 
nimum stresses. 

The stresses increase with triangula- 
tions of right-angle triangles, the more 
so as the ratio of the depth of the girder 
to the width of the panels is increased; 

7. Intermediate uprights which serve to 
carry isolated loads (cross girders) pro- 
duce important secondary stresses at their 
junction with the booms. 

The best arrangement for these uprights 
is to incorporate them in the lattice work 
itself with a stress of equal intensity to 
that of the other parts and proportional 
to the loads carried; 

8. The secondary stresses being propor- 


tional to the ratio ~, they are particu- 


H 
Te 
larly high in the secondary triangulation 
lattice work of the Baltimore and Petit 
types. 


As regards the proportional numerical 
magnitude of the secondary stresses, this 
report also gives the following interesting 
information : 

— It appears both from tests and cal- 
culations that the maximum secondary 
stresses do not exceed 40 °/, for a pro- 
Peat 0. 
being therefore 4 x 


portion 


depth of the section — 
length of the member 
Without secondary lattice work, it is 
probable that: these secondary stresses do 
not exceed 35 °/o. . 
In through bridges the secondary stresses 
in the booms do not exceed 5 x Took 


proportion. 


The author of this article has carried 
out calculations of the secondary stresses . 
in the case of a Warren girder with 
simple triangulation without uprights 
and having a span of 34.40 m, (112 ft. 
10 5/16 in.) (four triangular panels of 
8.60 m. [28 ft. 2 9/16 in.]) and of 4.75 m. 
(15 ft. 7 in.) high. 

The results obtained confirm the Amer- 
ican conclusions. The maximum sec- 
ondary stresses occurred in the booms in 
the ratio of 15 to 16 % of the primary 
stresses, corresponding to ratios 3 to 

H 
4X ie 

As far as concerns the influence of 
the uprights and of the secondary mem- 
bers of the lattice work, we consider that 
their true function in the whole struc- 
ture cannot be judged in accordance with 
the secondary stresses which they set up. 
Their most important purpose (beyond 
the subdivision of the panels) is to stiffen 
the girder and to considerably increase 
resistance ‘to buckling of the members in 
compression, 


* 
* * 


We give below the conclusion of Dupuy 
(formerly « inspecteur général des ponts 
et chaussées » of France ) as the result of 
calculations and trials made on the rail- 
way bridge at Cosne. He recommended 
the adoption of the itype of girder which 
most nearly approached a girder with a 
solid web having a symmetrical section 
about the centre of gravity and if blank 
spaces were made symmetrically they 
should be arranged with reference to tthe 
axis of the girder. This led to the eaxclu- 
sion of the N type girders with simple 
triangulation and gave preference to the 
cross lattice girders with multiple lattice 
work. 


* 
* * 
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To conclude this article, we may point 
out that in a recent publication of the 
Indian Government on the calculation of 
bridges for broad gauge railways (5 ft. 
6 in.) we also find a clause dealing with 
secondary stresses. A distinction is made 
between deformation stresses due to the 
rigidity of the joints, and permanent sec- 
ondary stresses, due to the eccentricity of 
the attachments, deflection under an iso- 
lated load, and deflection due to the 
weight of the members, and wind pres- 
sure. The former are called deforma- 
tion stresses; the structure should be con- 
structed in such a manner as to avoid 


redundant members and deformation 
stresses. In a well designed girder there 
is no need to concern oneself about these 
since they tend to reduce themselves (by 
deformation) and are not cumulative. 


One should, however, always take into 


account rigidity of the attachments in the 
calculation for the rivets. 

The latter stresses are known as secon- 
dary stresses; they should be calculated, 
as these stresses are additional to the pri- 
mary stresses. Unlike the deformation 
stresses, these are not self relieving, and 
do not tend to neutralise themselves. 


R. DESPRETS. 
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Mechanically operated tools used in permanent way maintenance, 
By Divo LEVI pz VEALI, . 


ENGINEER OF THE NORTH OF MILAN RAILWAY. 


Figs. 1 to 6, pp. 293 to 295. 


(Rivista det Trasporti.) 


For some considerable time there has 
been much discussion, together with 
many tests as to whether power-operated 
tools could be used with advantage in 
maintenance work on railways and tram- 
ways. It may seem strange that there 
should be such great difficulty in intro- 
ducing into Europe methods that have 
been in use in America on a large scale 
forsometime. Another interesting point 
is that the methods and tools used in per- 
manent way construction and mainten- 
ance have lagged far behind the great 
technical and industrial progress of re- 
cent years, and are still practically the 
same as those in use when railways were 
first built. 

The question is to-day one of the 
greatest importance, and in future will 
be even more so in view of the increasing 
difficulty experienced in recruiting the 
men required for the maintenance gangs. 
The hard work, the limited pay, the need 
to live away from large centres, as well 
as other reasons, tend to make the men 
prefer to work in factories. 

The cost of upkeep as a whole, and in 
particular the cost of the renewal of the 
track, form an important part of the costs 
of operation, so that it is much tto be 
desired that every effort should be made 
to effect the largest economies possible 
without affecting safety. 

Consequently the use of power-driven 
tools seems at first sight an efficient re- 
medy, either for making good any short- 


age of staff, or to make the work less 
trying, or to allow higher rates of pay 
in proportion to the fewer men needed, 
and to the specialised work done by 
them. 

As we shall see, there are certain dif- 
ficulties in the way of the introduction 
of these tools, and certain characteristics 
of our railways and methods of upkeep 
make it doubtful if any saving will be 
effected by their use. 

It is none the less desirable that the 
tests should be continued to see if it is 
not possible to overcome the disadvant- 
ages already noted, by altering, if need 
be, the organisation of the maintenance 
gangs. 

With these ideas before it, the North 
of Milan Railway decided to test such 
appliances on its lines. The results, as 
we shall see later, were unfavourable : 
this conclusion was only come to after 
having carefully considered if the plant 
could be kept fully employed, and also 
the many difficulties that would have 
arisen if the staff had been completely 
re-organised. 

A brief summary of the results of the 
trials will be of interest. 


The tests were carried out during the 
summer of 1925 when renewing the for- 
mation of the section, Morosolo to Gavi- 
rate, on the Varese-Laveno line, Although 
differing from the usual maintenance 
job, this work was very suitable to shew 
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in a comparatively short time the results 
to be expected from power driven equip- 
ment, and to give definite comparisons 
with manual labour. The experimental 
equipment was supplied by Messrs. Ni- 
cola Romeo & Co. 

The tools were worked by compressed 
air supplied by a monobloc motor com- 
pressor (fig. 1). The principal features 
of this compressor are that ithe two centre 
motor cylinders and the two outside 
compressor cylinders are cast in a single 
block. The motor cylinders work on the 
4-stroke cycle, the ignition being by high 
tension magneto. The compressor cyl- 


Diameter of motor cylinder . 
— compressor cylinder 
Stroke. 


Theoretical volume of free air drawn in per minute. 


Maximum working pressure . 


Dimensions : 


Height 
Width. 
Length 


Weight : 


Motor compressor without reservoir 
Reservoir. 


The tools used were the following : 


a) Four tampers made by the Ingersoll- 
Rand Co. (fig. 2); 

b) Pneumatic drill for drilling sleepers (fig. 3); 

c) Coach screw driver (fig. 4). 


The monobloc compressor was too 
small for the whole of the tools to be 
used together : it was realised that even- 
tually a larger compressor would be ne- 
cessary. 


Results obtained so far as quality of 
work is concerned. — So far as the dril- 
ling of the sleepers and the driving of 
the coach screws were concerned, there 
was not much to note. The drilling was 


inders are single acting. There is no 
automatic regulator, any air in excess of 
the consumption being discharged by a 
valve on the reservoir which could. be 
set to different pressures. At the normal 
speed of 1 400 revolutions, the unit com- 
pressed 2000 litres (70 cubic feet) of 
free air per minute to a pressure of 
8 atmospheres (118 lb. per square inch) 
when developing 15 H. P. 

The reservoir was connected to the 
compressed air collector by flexible me- 
tallic piping, and was therefore separate 
from the. machine. 

The other features were : 


100 mm. (3 15/16 inches). 
85 — (311/32 — ). 
130 — (51/8 — ). 
2.070 m5 (73 cubic feet). 
8 atm. (1181b. persq. inch). 


1.200 m. (3 ft. 11 1/4 in.). 
0.710 m. (2 ft. 3 15/16 in ). 
1.280 m. (4 ft. 2 3/8 in.). 


400 kgr. (882 Ib.). 
62 — (1387 lb.). 


perfectly regular, the treenails were driy- 
en to the bottom of the holes when the 
friction joint acted to prevent them from 
being driven any further. It would be 
an improvement if the drills were fitted 
with a small pipe in line with the drill 
point so that the shavings might be 
blown out of the holes. 

The tamping, which is the character- 
istic feature of permanent way mainten- 
ance, was more interesting. The more 
or less great superiority of mechanical 
tamping has been often discussed, opi- 
nions being much divided. This divi- 
sion is probably due to the peculiarities 
of the tools used. During the test we 
found that as a result of the angle at. 


Fig. 4. — Monobloc motor compressor, 


Fig. 2. — Mechanical tamper. 


Fig. 3. — Pneumatic drill. 


Fig. 4. — Coach screw driver. 


IV-—2 
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which the tamps always work, although 
it may be lessened at the final stages of 
the work, the ballast immediately under 
the sleeper is not so well consolidated : 
but on the other hand the tool acts to a 
greater depth than the tamping pick. 
With hand tamping the consolidated 
layer: was more compact on the surface, 
but was not so thick. 

As a whole, the results, especially 
when the men had become conversant 
with the new method, were considered 
satisfactory, and in no way inferior to 
those obtained with hand tamping. 

The notable advantages of mechanical 
tamping were the following : 


1. Ability to properly tamp even the 
inside edges of joint sleepers, which is 
difficult to do by hand owing to tthe 
close spacing; 

2. Ability to properly tamp crossing 
timbers, and in general at all places 
where hand tamping is difficult to do; 

3. Less breaking up of the ballast, 
thanks to the simple vibrating motion 
by which it is driven under the sleepers; 

4. No damage to the edges of the sleep- 
ers, which is unavoidable when tamping 
with the tamping pick. 


Most of the men welcomed the air 
driven tools as they were Jess tired after 
using them, although at first the vibra- 
tions of the tampers were very trying. 


Quantitative results and comparative 
costs. — The amount of work done hour- 
ly with the air ‘driven tools was measured 
towards the end of the test, that is to 
say, after about 20 days’ use, and was 
based on the average of a number of 
hours of effective work, the-interruptions 
due to traffic requirements or other 
causes being excluded. 

The drilling of sleepers and diane of 
coach screws was always done by ttwo 
men, who worked in turn the drill and 
the driver. The two men were able to 
drive 100 or 120 coach screws per hour, 


although it is possible that with greater 
experience and better arrangements, the 
figure would be increased to 150 or 200. 
To be on the safe side, the figure of 120 
was used in the calculations. By hand, 
with two men, it is difficult to get more 
than 25 to 30 coach screws driven an 
hour. Two men working continuously 
with the pneumatic tools were able there- 
fore to do as much as 8 men working by 
hand, so that each pair of tools would 
save 2 men. 

It is to be noted that owing to the com- 
pressor being too small, the tampers could 
not be used at the same time as the drills 
and coach screw drivers. 

In considering the relative savings due 
to ithe compressor tested (based on the 
cost of hire) the saving due to the tam- 
pers only was taken into account. 

So far as tamping is concerned, a gang 
of 5 men was used, four working the 
pneumatic tampers and the fifth looking 
after the piping. The latter appeared 
to be required to prevent the flexible 
pipes to the last section becoming twisted 
and thereby broken. In one hour, when 
not interrupted, the gang tamped 60 sleep- 
ers: it is probable that when the men 
became more expert the number would 
be increased to 70 or 80. 

A gang of 8 men working with tamp- 
ing pick are only just able to tamp 25 
to 30 sleepers an hour. Each group of 
4 tamps at work effects a saving of 12 
to 13 men. 

In making a comparison of cost, two 
cases are considered. 


In the first, the actual cost of the work 
is considered, that is to say, in the cost 
is included the 75 lires a day the con- 
tractor charged for the hire of the com- 
pressor and the tools; in the second, the 
purchase of a larger compressor is taken 
into account. As stated above, the com- 
pressor was too small for the tampers, 
drills and coach screw drivers to be kept 
at work together. In the first case, the 
economy of labour due to the use of the 


Fig. 6. 
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pneumatic tampers has alone been taken 
into account. The calculation therefore 


has been based on an eight-hour day, and 
the wages of the men at 24 lires per day. 


FIRST CASE. 


Saving of labour : 
12 men at 24 lires . 


Eatra expenditure : 
Hire of compressor and tools . : 
Wages and travelling allowance of fitter . 
Petrol and oil 


Saving per day 


SECOND 


In the second case, supposing a com- 
pressor has been purchased, the corres- 
ponding daily cost had to be determined. 
The following costs were taken into ac- 
count ; 


a) fixed charges; 


b) costs only incurred when the plant was 
working. 


Under a) amortization of the capital 
and, for the sake of simplicity, the main- 
tenance, expressed as rather a low per 
cent are included, and under 5b) the 
charges due to the driver’s wages and to 
fuel cost. 

The total amount of the first items has 


Saving in labour ; 


For the tampers, 12 men at 24 lires 
For the other tools, 6 men at 24 lires . 


Additional charges : 


Amortization and upkeep, daily . - . 
Driver of compressor 
Petrol and oil 


Saving per day 


The above figures are those that would 
be realised in practice if all the tools 
could be used continuously throughout 


288 lires. 
75 lires. 
50 — 
Se 
0 
48 lires. 
CASE. 


been divided up in accordance with the 
number of days allotted each year tto per- 
manent way renewal, which under most 
favourable conditions cannot be taken at 
more than 150. 

The compressor in view (Ingersoll, 
fig. 6) was large enough for all the tamp- 
ers to be worked at the same time as 
the drills and coach screw drivers : its 
price, piping and spares included, would 
be about 75 000 lires. The annual charge 
for amortization at 10 % was therefore 
7 500 lires, and for repairs taken at 6 %, 
4500 lires. The total, 12 000 lires, divid- 
ed by tthe 150 working days, gives a daily 
cost of 80 lires. We get therefore : 


288 lires. 

Adon oe 
432 lires. 

80 lires. 

30 

(0 
260) — 
eetuceliress 


the 8 hours of work each day. This is, 
however, far from the case under the 
conditions under which relaying and re- 
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pairs to the formation are usually carried 
out. 


It must be explained that during the 
tests, the work was arranged, as far as 
possible, to reproduce all the features 
encountered during maintenance work. 
The renewall of the road bed had been 
completed previously for some consider- 
able distance. 


At night, during the intervals between 
trains, the old worn 9 m. (29 ft. 6 in.) 
rails were removed, and new 12 m. 
(39 ft. 4 in.) rails substituted, only the 
joint sleepers being moved. In this way 
the trains could be allowed to run 
though at reduced speed. During the 
day, the gangs, between the passage of 
trains, completed the work by taking out 
defective sleepers and renewing itthem, by 
relaying all the sleepers, screwing in the 
coach screws, straightening and levelling 
the track, and finally tamping the sleep- 
ers. Naturally, during each interval, the 
necessary steps were taken to clean the 
ballast throughout the length which it 
was thought could be completed before 
the next train was due. During a large 
part of the time taken for the removal 
and replacement of the sleepers, for le- 
velling up and straightening the track, 
the pneumatic tampers could not be used. 

Even with the best arrangement of du- 
ties, it was difficult to keep the compres- 
sor at work more than 6 ‘hours a day. 


In addition to those interruptions caus- 
ed by service requirements, there were 
many others, though of short duration, 
due to accidents, such as damaged tools, 
leaks or defects at the pipe joints, break- 
down of the motor, etc. During many 
of these interruptions, ‘as well as when 
the men were moving from one part of 
the job to another, and during relief, the 
motor was left running, whereby there 
was some waste of fuel. 

These disadvantages, which are always 


met with during permanent way work, 
seriously lessen the results shewn in the 


comparison of costs, and also absorb all 
the savings shewn. 


Putting aside these last considerations, 
that is, presuming that it would be prac- 
ticable to work the plant continuously, 
and thereby get the savings suggested in 
case 2, it will be interesting to look at 
the saving from another and more prac- 
tical point of view.’ We shall then see 
more Clearly the difficulties in the way 
of using these tools and, furthermore, in 
the way of organising the work as it 
ought to be done. 

When working out the second example, 
we arrived at the daily saving in lires 
that would be given with a compressor 
large enough to enable all the equipment, 
4 tampers, 1 drill, and 1 coach screw 
driver, to be used at the same time. This 
supposition, whilst it is very important 
in the case considered, is of little import- 
ance when it is a question of deciding 
if the same method is to be used in the 
ordinary maintenance of a whole system 
or a jline. 


The points to be settled in this case 
are : 


a) The proportional saving in men, or, 
in other terms, the reduction as a per 
cent in the staff employed to be obtained 
by a full use of these tools; 

b) The saving in per cent on the costs 
of labour for ordinary renewal to be ob- 
tained by a complete use of this method. 


For this to be done, the work of ordin- 
ary renewal must be analysed, and ‘the 
itime spent by the gangs on this work 
determined. Below are given figures 
which, whilst of no absolute value, are 
quoted only as average values or as indi- 
ces, adopted to facilitate the calcula- 
tions. We may take as the basis of com- 
parison that one man in an hour can lay 
half a sleeper, that is to say can do ail 
the work involved in renewing a length 
of line equal to half of the mean distance 
between the centre of two sleepers, in- 
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cluding removal and replacement of fit- 
tings, transport, replacement of sleepers, 
drilling of sleepers and driving coach 
screws, levelling up, straightening and 
tamping the ballast. 

An investigation into tthe work done 
over long periods reveals the fact that a 
platelayer attached to a maintenance 
gang can properly inspect and keep in 
order daily three metres (3 1/4 yards) of 
line in an average state of repair. This 
figure corresponds to about 0.40 m. 
(15 3/4 inches) of work per hour, or, on 
an average, to a degree of activity repre- 
sented by 0.5 sleeper-hour. 

Let us suppose, although the figure is 
on the high side, that, when itaking up or 
when replacing the sleeper, or correcting 
the gauge, replacing coach screws, bear- 
ing plates, or rails, 4 coach screws are 
removed and replaced per sleeper before 
redrilling, and, in the case of sleepers at 
points and crossings, a mean of 5, sup- 
posing half the bearing plates to have 
three holes and half two. 

In an hour the platelayer should carry 
out : 

the drilling and screwing in of 2 coach screws; 

the tamping of half a sleeper; 


the other work necessary to complete 0.40 m. 
(15 3/4 inches) of track. 


So far as drilling and driving the coach 
screws is concerned, we have already 
seen that two men working together can 
put in place 28 coach screws an hour, 
the loss of time due to travelling, gauging 
coach screws, etc., being taken into ac- 
count. We can then accept, as an ap- 
proximation, an hourly rate of 14 coach 
screws per man, which is equivalent to 
the man driving a coach screw in about 
4 minutes. 

We have also seen that 8 men can tamp 
30 sleepers an hour: to tamp: one the 
workman takes about 15 minutes, includ- 
ing all lost time. 

The hour in which tthe platelayer can 
completely go over a length of track 
equal to half the distance between cen- 


tres of sleepers can therefore be divided 
up as follows : 


Drilling of sleepers and 


Ae driving of coach screws. 8 minutes. 
Tamping the sleepers . . 8 — 
& — Other duties . 44. —- 


In other words, the operations B, to 
be done by hand, required 88 minutes 
work per sleeper. 

Now Jet us consider the question of 
tamping. We have seen that with pneu- 
matic tampers the tamping of about 70 
sleepers can be completed in about an 
hour. For the operation B for these 
sleepers, 88 x 70 = 6160 minutes are 
necessary, or, in round figures, 100 hours 
of manual labour. As a matter of fact, 
under the conditions given, the drills and 
coach screw drivers were unable to keep 
pace with the tamps: they should be able 
to deal with 280 coach screws per hour, 
whereas they have been taken as able to 
handle 200. This deficiency would only 
slightly modify the results, which are 
only approximations, so can be neglect- 
ed, and we may take it that in an hour’s 
work the whole of the power driven tools 
would be able to do the operations A re- 
latively to 100 hours of operations B; in 
other words, for each compressor used, 
a gang of 100 men would be required to 
prepare and complete the work. 

We can now ascertain the percentage 
reduction of staff obtained by the power 
driven tools needed to carry out opera- 
tion A: 


Manually : 


Men required to do the work given by 
the power driven tools . . . 25 


Men required to carry out the other 


operation B. 100 
Total. 125 
Mechanically : 
Men. working tools (aaa nee cet 7 
Men required to carry out the other 
operation B, oe chet rs 100 
Total, 107 
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The saving as a per cent is therefore 
about 15. Let us now see what the real 
saving is: 


Manual labour : 


125 men at 24 lires . 3 000 lires. 
Mechanical work : 
107 men at 24 lires. . . . . 2568 lires. 
Amortization and repairs . . . 80 — 
DPIVCWM afass= n> ie 30) — 
Petvollandioilysc. =>. = % x 150 — 
Totals” | 2 42828 lires: 


The saving obtained is therefore 6 % 
on the labour costs. 

The values given vary naturally from 
one line to another, and are closely re- 
lated to the condition of the road-bed. 
In any case, it is as well to note that 
they are close enough to average values, 
and consequently a general conclusion 
can be based upon them. 

As has been shewn, the saving is far 
from great, even under the hypothetical 
conditions of continuous output during 
the whole 8 hours’ day. On this subject 
it should be remarked that, even if the 
plant were so perfected that the inter- 
ruptions to continuous work were reme- 
died, and the working of the line was so 
organised that the work could be carried 
on without interruption, each gang 
would have to be increased to 110 tto get 
the desired results. This number might 
be reduced when use is made of ma- 
chines to break up the ballast; the output 
of such tools is, however, doubtful. 

Carrying out the repairs with gangs of 
this size completely upsets the organisa- 
tion of the service. To-day the repairs 
are done by gangs of 10 to 12 men work- 
ing over sections of 6 to 7 km. (3 1/2 to 
41/2 miles). If reduced by 15 % to get 
the mecessary economy, the number 
would be 8 or 10. For each compressor 
group, it would be necessary to collect 
10 to 12 gangs. 

Once this regrouping was effected, the 


constant and efficient inspection of its 
section by each gang would cease : the 
ganger would no longer be responsible, 
and the means of quickly carrying out 
any emergency repair would no longen 
be available. In fact,-all the disadvant- 
ages resulting from the repair of the line 
by divisions of 50 km. (30 miles) instead 
of sections of 6 or 7 km. (3 1/2 to 4 1/2 
miles) would be felt. 

It would-still be necessary to carry out 
all secondary duties, such as cutting 
hedges, cleaning out ditches, weeding, re- 
pairs in stations, now done by the same 
gangs. The regrouping therefore would 
only be possible during the time reserved 
for renewal, after which the old gangs 
would be re-formed. The result would 
be that the platelayers would retain their 
present houses so that it would be diffi- 
cult, and involve much lost time, to con- 
vey them from one end of a section to 
another. 

From these facts and reasons the con- 
clusions readily appear : they are as fol- 
lows : 


1. The saving on labour costs, obtained 
by means of power-driven tools, is doubt- 
ful and possibly nil, both because of the 
defects in the tools and their cost, and 
because of the organisation of the work 
and the requirements of the operating 
department; 

2. Even if the ideal conditions of con- 
tinuous working could be realised, the 
saving obtainable (6 %) is not enough to 
justify a reorganisation of the repair 
work, which would give rise to too many 
difficulties of other kinds. 


These conclusions are only applicable 
to renewal work; when there is question 
of laying new lines or of general impro- 
vement work, the power driven tools can 
be made use of with much profit. 


The review of the question given above 
is confirmed in an authoritative manner 
py the discussions that took place during 


the 10th Session of the International Rail- 
way Congress at London, June 1925. The 
first section (Way and Works), in gen- 
eral session, adopted the following con- 
clusions (Question I: « Upkeep of the 
Track >, article 8): 

« The obstacles encountered in Europe 
as regards the development of mechan- 
ical processes in routine maintenance 
work are generally of an economic na- 
ture : high cost of the mechanical equip- 
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ment, inadequate daily output of the 
equipment resulting from the difficulty 
of co-ordinating mechanical work and 
manual labour on a given piece of work. 
These obstacles, however, are not met 
with in America, where considerable 
economies are effected by the use of not 
only small appliances such as tamping 
machines, but also of much more power- 
ful machines, such as machines for 
screening ballast, liveling the track, etc.» 


Great Northern builds longest railway tunnel in America. 


Figs. 1 to 6, pp. 302 to 308. 


(From Railway Age.) 


The Great Northern is constructing a 
single track tunnel 7.78 miles long 
through the Cascade range between 
Berne and Scenic, Wash., which, when 
completed, will be the longest railway 
tunnel in America. The new line, of 
which it is a part, will lower the sum- 
mit elevation 506 feet, will save 7.67 miles 
of distance and eliminate 6.04 miles of 
snow sheds, and 1941 degrees of central 
angle, besides reducing the maximum 
curvature from 10 to 6 degrees. Within 
the limits of the work the maximum gra- 
dient eastbound is reduced from 2.2 to 
1.565 %. As a part of the project the 
present electrification ‘through the exist- 
ing tunnel will be extended to Wenat- 
chee on the east and to Skykomish on the 
west, a total distance of 80 miles, and, 
later 23 miles further west to Goldbar, 
29 miles east of Everett. 

From an economic standpoint the 
construction of the tunnel can be fully 


justified by the elimination of the snow 
sheds on the old line with their high 
maintenance cost and constant fire risk. 
The snowfall in the Cascades is very 
heavy and at the point where the rail- 
road crosses the mountains, amounts 
to 56 feet annually, which packs down 
to about 16 feet on the level. As a re- 
sult of this extraordinary volume of 
snow, combined with the steep slopes of 
the mountains, snow slides are frequent 
and troublesome. Occasionally, they 
destroy sections of the snow sheds and 
interrupt traffic until the track can be 
cleared of the snow and debris. In ad- 
dition to the elimination of the snow 
sheds, the railroad will receive the ben- 
efits of the decreased rise and fall, the 
shorter distance, the better alinement and 
the improved traction resulting from the 
electrification of the mountain territory, 
and these taken together are in them- 
selves sufficient to justify the project. 
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The outstanding feature of the con- 
struction is the rapid progress that has 
been made to date (December 1926), as 
the world’s record for advancing has 
been broken in four consecutive months, 
in three of which the advance was 
greater than in the preceding month. As 
a result, on 27 November the contractor 
was ahead of schedule by the amounts 
shown later. In August the pioneer tun- 
nel at Scenic, 8 feet by 9 feet in section, 
was carried forward 937 feet; in Sep- 
tember the 10-foot by 10-foot center 
heading at Berne was driven 954 feet, 
but counting 1 October, as all records of 
tunnel advance are based on 31 days, this 
was increased to 984 feet; and in Oc: 
tober, a still higher record of 1157 feet 
was made in the pioneer heading at Sce- 
nic. In November an advance of 952 feet 
was made in the pioneer tunnel at Scenic 
and 938 feet in the center heading at 
Berne, and while lower than the Septem- 
ber and October records in this tunnel 
both are greater than any known record 
on other tunnel work. On 1 December, 
the total primary penetration was 17 257 
feet or 423 % of the total length of the 
tunnel, 

Recently the Great Northern has been 
rearranging its engine districts and grad- 
ually increasing the distance between 
engine terminals. As a result of this 
policy, the rearrangement between Spo- 
kane and Everett eliminated one district, 
so that freight trains now run from Spo- 
kane to Wenatchee, 174 miles, and from 
Wenatchee to Everett, 132 miles. The 
electrification, which is a part of the 
tunnel project, will extend over the 
heaviest of the mountain grades, and the 
later extension to Goldbar will cover 
practically the entire mountain territory 
through the Cascade range. When elec- 
trified service begins, it is expected there 
will be a material reduction in the time 
required to move trains between Skyko- 
mish and Wenatchee. 

At present, the existing line passes 
through a tunnel 2.63 miles long and it 
is electrified to reduce the trouble ex- 


perienced from locomotive gases. Under 
the present system of steam operation 
heavy pusher service is required. The 
speed is slow and much time is lost in 
switching the pushers in and out of 
trains, while stops must also be made at 
Tye and Cascade, the portals of the ex- 
isting tunnel, to attach and.cut off the 
electric locomotives which pull the 
trains through the tunnel. 

Under electric operation over the ex- 
tended mileage, which will cover all of 
the heavy mountain grades, with the re- 
duced grades and distance and the higher 
speeds of the trains while in motion, the 
movement of freight through the moun- 
tains will consume less time. Again, 
with the improved traction the number 
of trains will be less; operating costs 
should be reduced materially; and a sub- 
stantial amount of power and car equip- 
ment will be released for other service. 
A detailed description of the electrifica- 
tion and the electric locomotives appear- 
ed in the Railway Age of 27 November. 


The old line. 


Westbound from Wenatchee, the line 
ascends the valley of the Wenatchee river 
and from Leavenworth to Chiwaukum it 
lies in Tumwater canyon, entering Nason 
Creek canyon at the latter point which 
canyon it follows to its upper end at 
Cascade, the east portal of the tunnel. 
The line emerges from the tunnel at Tye 
and enters the canyon of the Tye river 
which it follows to Skykomish, 21 miles. 
Between Tye and Scenic, 9 miles, the line 
descends 1 045 feet, and about two-thirds 
of the distance is through snow sheds. 
At Martins Creek, the line passes through 
a tunnel, both portals of which face east, 
When the new tunnel is put in operation, 
the existing tunnel 2.63 miles long, bet- 
ween Cascade and Tye and all of the old 
line between Scenic and Berne about two 
miles below Cascade, a total distance of 
17.67 miles, will be abandoned. 

It was stated at the beginning of this 
article that the new Cascade tunnel will 
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be the longest one in America; it will 
also be the fifth longest in the world. <A 


comparison with some of the longer tun- 
nels of the world follows: 


NAME. Location. Length (feet), | _(feet- Height Built. 
Width (feet). 

DSimplonilee., 2s s-. 05. |: Switzerland ..... 65 734 16.4 18 1895-1906 
SIMAMPLOMUN Ts cys oe Switzerland ..... 65 734 16.4 18 1924 
StsGothardss% «2.6 : Switzerland ..... 49 212 26.2 24.6 4872-1882 
Woetseh bere son. a. ss Switzerland . - 47 685 30 20 1906-1913 
New Cascade. ...... Washington ..... 44 142 46 24 1925- 
IMOttabae ss. ests Golorado®.= ove, = « 32 160 16 24 1923- 
INO@ORSPRASS. oes) sme, «: «, British Columbia. . . 25 900 26.5 24.75 | 1943-1915 
ELGGRAC cree ta Seats ten dels Massachusetts ... . 23 175 25 20 4854-1876 


How the work is organised. 


Between Scenic and Mill Creek a pion- 
eer tunnel, 8 feet by 9 feet in section, is 
being driven parallel to and 66 feet south 
of the main tunnel, with cross cuts at in- 
From these 


tervals of about 1500 feet. 


cross cuts a center heading, 10 feet by 
10 feet, is advanced on the line of the 
main tunnel, and this is being followed 
by enlargement to full tunnel section 
from the west portal and from the foot 
of the Mill Creek shaft. 

Mill creek flows through a deep and 


Fig. 3. — The head frame at the Mill Creek shaft ready to move into permanent position. 


well defined canyon about 2.4 miles wesi 
of Berne, and here a point was selected 


to sink a shaft 659 feet deep, so that ad- 
ditional faces can be worked both east 
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and west from the foot of the shaft. 
From Mill Creek a pioneer tunnel is being 
driven west, with cross cuts at intervals 
of 1500 feet, to meet the pioneer advanc- 
ing from the west portal, while a full 
tunnel section is also being driven west 
from the shaft. A center heading is 
being driven east from the foot of the 
shaft, for since the center headings be- 
tween Mill Creek and Berne can be holed 
through in a comparatively short time, 
there is no advantage in driving a pion- 
eer tunnel between these points. When 
the center headings from Berne and Mill 
Creek meet, enlargement will take place 
from the east portal. 

It was desired to begin work on the 
center heading at Berne before a steam 
shovel was available to make the ap- 
proach cut, and, as the topography was 
favorable, an adit was drifted in from 
the north until it met the line of the main 
tunnel about 200 feet west of the portal, 
and from this point a center heading was 
started. After the approach cut ‘was 
completed a top heading was drifted on 
the line of the main tunnel and the bench 
removed as far as the junction with the 
adit, but no further work will be done 
towards the enlargement at this end until 
the center heading from Berne meets the 
center heading which is being advanced 
east from Mill Creek. 

At the Scenic end, the first 800 feet were 
driven through soft material, consisting 
of clay in which large boulders were em- 
bedded and gravel streaks. This mate- 
rial was very wet, although the amount 
of water draining into the tunnel is com- 
paratively small. At one point the bores 
crossed a seam of clay and gravel about 
140 feet wide, which had the consistency 
of sloppy concrete, and gave considerable 
trouble both at the face and in the plac- 
ing of the timbers. Because the general 
character of the ground was known, it 
was deemed advisable to start the center 
heading in the rock west of the first 
cross cut, and the top center heading 
method was followed from the portal to 
this cross cut. The section was then en- 


larged to a full top heading and behind 
this the bench was removed to give the 
full 18 feet by 26 feet tunnel section. 


(\ 


Minimum 


7"x 9 uy 7'6 ’ 
Creosored Ties 
————= 


Fig. 4. — The standard tunnel section. 


At the west end the tunnel emerges 
into the valley of the Tye river, which 
follows a tortuous course at this point 
and falls sharply in a series of cascades, 
so that while the stream is below the 
track level at the portal, it crosses the 
tunnel about 60 feet overhead at a point 
2000 feet farther east. About 225 feet 
east of the portal, a creek tributary to the 
Tye crosses 14 feet over the main tunnel 
and to avoid danger from flooding, a 
wooden flume was constructed to carry 
the water over both the main and pioneer 
tunnels. 

Under the present channel of the Tye 
river a large crack was encountered 
which gave every evidence of being the 
result of an ancient slip. The rock 
seams were displaced both vertically and 
horizontally and the gap was filled with 
debris, consisting of clay, boulders, and 
logs, such as might be expected in a slide. 
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Presumably the Tye river changed its 
course when the slip occurred, as the 
clay pocket already mentioned appears 
to be in the ancient bed of a stream, be- 
cause it contained boulders, tree trunks, 
and other drift. 

The amount of timbering and other 
safety precautions necessary while pas- 
sing through the soft ground made it cer- 
tain that progress would be very slow 
until the headings reached solid rock. 
For this reason, an incline was drifted 
down from a point immediately east of 
the Tye river to the line of the pioneer 
tunnel, which was advanced from the 
foot of the incline 3 387 feet, while an 
advance of 2 316 feet was made from the 
portal. By this means the entire pioneer 
tunnel progressed 5 703 feet by the time 
the soft ground was passed, and four 
working faces for the center heading of 
the main tunnel were available through 
cross cuts. 

The center headings at Scenic were 
started at the first and second cross cuts, 
and as soon as the heading between the 
first and second cross cuts was drifted 
through, a top heading was started east 
from the first cross cut. It had been in- 
tended, if possible, to enlarge the section 
from cross cut No. 1 by the ring method, 
but the coarse granite encountered in 
this section is highly impregnated with 
lime, which slacks after a few day’s ex- 
posure to the air and the rock spalls 
badly, so that the ring method was not 
considered safe. The top heading per- 
mits ithe roof to be timbered before the 
benches are removed, so the men can 
work with safety. East of cross cut No. 2, 
the rock structure so far encountered 
will permit ring shooting, although there 
are occasional narrow seams where tim- 
bering will be necessary. 


Character of rock. 


The first rock encountered was a 
coarse granite which is very hard, but, 
as mentioned, is impregnated with lime 
and slacks upon exposure. It was dif- 


ficult to drill and broke quite large, so 
that mucking operations were slow. 
After passing cross cut No. 2 the rock 
is an altered granite showing a much 
finer grain with occasional streaks of 
schistose structure, and, except for an 
occasional pocket containing mica, it 
drills easily and breaks in a satisfactory 
manner. At intervals, water under pres- 
sure has been encountered in the pioneer 
tunnel at Scenic and this, while small in 
quantity, has hampered blasting, so that 
several times it has been necessary to 
drill relief holes before the main holes 
could be charged for blasting. At one 
place the pressure was so great that the 
waten jetted six feet from ‘the holes. 
Peculiarly enough, however, the quantity 
of water has been comparatively small, 
and water under pressure does not occur 
in the center heading of the main tun- 
nel, apparently, because the pioneer tun- 
nel, which is in advance, affords the ne- 
cessary relief to the pressure. 

At the Berne end the first rock en- 
countered was a coarse granite, similar 
to that at Scenic, which was hard to drill 
and broke large enough to hamper muck- 
ing. Timbering was required here also 
because of the tendency to slack. About 
1 000 feet from the portal a finer granite, 
similar to that beyond the second cross 
cut at Scenic, was encountered, and only 
a small amount of timbering has been 
required in this formation. This rock 
is very dry and water has given no 
trouble at the Berne end. 

The foot of the Mill Creek shaft pene- 
trated a large block of graphite, and the 
graphite was quite widely dispersed in 
the rock surrounding the main deposit, 
so that solid timbering was necessary in 
the enlarged chamber at the foot of the 
shaft. The full tunnel section, 18 feet by 
26 feet, was taken out for a distance of 
100 feet, in both directions from the shaft 
to give working room for the disposal of 
tthe muck, and the full section will be 
continued west to permit the pioneer to 
advance more rapidly and make addi- 
tional faces available, but the center 
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heading is continued east from the en- 
larged disposal station. 

Disposal pockets were constructed 
below grade and gates installed for the 
purpose of loading the hoisting buckets. 
The muck is loaded in cars of 50 cubic 
feet capacity at the face of the center 
heading to the east, and in 6-yard cars at 
the face of the enlargement to the west. 
It is then hauled to the foot of the shaft 
by electric locomotives and dumped 
into the pockets. These pockets dis- 
charge into hoisting buckets to be lifted 
to the surface, where the material is 
emptied into storage bins from which 
it runs into the cars to be taken to the 
‘dump. 

To permit an early start in sinking the 
Mill Creek shaft and avoid the delay 
which would have resulted from the 
construction of a permanent head frame, 
a small temporary head frame was erect- 
ed so that the sinking operation could 
be carried on while the permanent head 
frame was under construction. This 
was built in two sections, the pockets 
being built in the position they were to 
occupy, and the head frame proper about 
15 feet back of its final position to clear 
the temporary structure. When finish- 
ed, tthe head frame was lubricated on 
its skids by forcing hard grease over the 
skids and onto the sills through pipes to 
which compressed air under 100 lb. pres- 
sure was applied. The head frame was 
then skidded forward by means of five 
15-ton jacks, placed in exact position, 
and the shaft timbering was prepared 
with guides to match the guides fitted in 
the head frame. The time required to 
remove the temporary structure and place 
the permanent head frame was nine 
hours. The head frame is 80 feet high 
and is substantially built of heavy tim- 
bers. Each of the five long braces at 
the rear is a single timber in the form 
of a truncated square pyramid, 84 feet 
long, and having. end dimensions of 
14 inches by 14 inches and 18 inches by 
18 inches, while the vertical members 


range from 12 inches by 12 inches to 
16 inches by 16 inches. 

The method of driving the full tunnel 
section in both directions from the foot 
of the shaft was to advance a top head- 
ing and follow this with the removal of 
the bench. Before there was room to 
operate a mucking machine and the mo- 
del .20 Marion shovel, a small Hoe 
scraper with a tugger hoist was used to 
slush the muck into the pockets. As 
soon as there was sufficient room for 
the shaft disposal station, the center 
heading was started east and is progress- 
ing rapidly. West of the shaft the full 
tunnel section is being advanced by 
means of a top heading and removal of 
the bench. About 20 October, work was 
started on the pioneer tunnel and this 
will be carried forward as rapidly as 
possible. The pioneer tunnel will ad- 
vance more rapidly than the main ttun- 
nel, so that a center heading can be 
started at the second cross cut west of 
the shaft and the enlargement in that 
direction carried on continuously. 


Tunnel is comparativeiy dry. 


As has been mentioned, water has 


given comparatively little trouble to 
date. The maximum amounts which 
have been encountered are as follows : 
Gallons 
per 
minute 
Scenic pioneer 125 
Scenic incline. >. 245 
Scenicumain tunnelew se. |e eee 10 
Mill Creek’shaft=.) 1. dela, <a oe eee 
Berne center heading eae, ener re 


Between 1 June and 1 November, the 
quantity of water at Mill Creek decreas- 
ed from the maximum to 95 gallons per 
minute, most of which comes from strata 
near the surface and not from the tunnel 
itself, as there is practically no seepage 
in the tunnel at this point. Except for 
the few instances mentioned, where 
water under pressure was encountered, 
the working face is dry and seepage ‘does 


- end, 
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not begin for some time after the rounds 
are fired. At the west end the water 
drains by gravity, but as the Tye river 
incline was situated at a point where the 
cover was 97 feet, the water in the in- 
cline heading, before the pioneer tunnel] 
was holed through, was drained by gra- 
vity to a sump at the foot of the incline 
and discharged by electrically operated 
Cameron pumps. 


Air and electric power are used. 


All of the mechanical operations in 
the tunnel are carried on by electric 
power, except the drilling and the oper- 
ation of the shovels engaged in enlarging 
to full tunnel section which are done by 
air. The permanent trolley for the elec- 
tric locomotives ends about 800 feet from 
the working face to prevent its being 
torn down by the force of the blasts from 
the shots. As the locomotive must work 
near the face, it is equipped with a spe- 
cial hook to fit over the trolley near the 
and the power is transmitted 
through a heavily insulated and very 
flexible wire which winds off a reel on 
tie engine. As the wire winds off it 
puts tension in a spring and when the 
locomotive returns the spring automati- 
cally winds the wire on the reel. The 
power for the mucker and hoist is 
brought up also by extension wires to 
avoid damage to the permanent lines 
from the blast. 

The drilling is done by means of air 
machines and water core drills. The 
drilling machines are mounted on the 
cross bars of a Denver Rock Drill Com- 
pany’s movable carriage which runs be- 
tween the haulage tracks. As soon as 
the mucking operation is completed, the 
mucking machine is withdrawn, the track 
is laid to the face of the heading, and 
the drill carriage is shoved into place. 
Four or six drills are used simultaneous- 
ly, depending on the size of ‘the work- 
ing face. Where the rock breaks easily, 
10- and 12-foot rounds are pulled, but 
where the rock is seamy or inclined to 


break large, shallower holes or a larger 
number are drilled. The time required 
to drill a round varies with the charac- 
ter of the rock, and in some instances 
has required as much as six hours. 

- The track centers of the haulage tracks 
are such that the distance between the 
inside rails is equal to the gage of the 
tracks, so that the mucking machine and 
drill carriage run on what is to all in- 
tents and purposes a middle track and, 
therefore, are centered where brought 
up to the face of the heading. 

By reference to the illustration it will 
be noted that the rear end of the drill 
carriage is equipped with manifolds to 
distribute the water and air to the se- 
veral drilling machines so that only sin- 
gle lines of air and water need be con- 
nected when the carriage is placed for 
drilling. When it is spotted, it is an- 
chored in place by means of a spud 
which depends from the forward end 
almost directly under the cross bar 
frame, 


The mucking operations are carried 
on mechanically by means of Meyers- 
Whaley muckers in the headings, and 
steam shovels at the enlargement. Where 
the rock breaks in good shape, a10 to 12 
feet round can be mucked out in about 
2% h., while where the rock breaks large 
more time is required. Cars of 50 cubic 
feet capacity are used to transport the 
muck, and 12 of these cars are hauled at 
one time by General Electric tunnel lo- 
comotives. Only one car can be placed 
back of the mucking machine at a time 
and to avoid the delay of making a 
switch every time a car is loaded, a 
double track is laid tto the face of the 
heading and the empties are set on one 
track, while the locomotive which is to 
dispose of the loads works on the other. 
A transfer hoist at the rear of the empty 
train lifts the cars over to the loading 
track and the locomotive merely shoves 
them back to the discharge of the muck- 
er. This system reduces the time of 
mucking by about one-third and muck- 


Flg. 6. — The drill carriage at the pioneer tunnel heading. 
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ing is often completed by the time the 
drillers have finished scaling. 

At the west end where the enlargement 
has progressed beyond the first cross cut 
the material is being loaded on six-yard 
cars by a model 40 Marion shovel mount- 
ed on a caterpillar tractor, and the cars 
are handled to the dumping trestle by 
20-ton General Electric locomotives. At 
Mill Creek a model 20 Marion shovel is 
being used in the full tunnel section west 
of the shaft. Electric locomotives and 
six-yard cars are in service at this face 
also. 

A typical cycle of the heading oper- 
ation at the Tye river incline, when the 
heading had been drifted 3 054 feet from 
the foot of the incline, is interesting : 


Blast . lever fei 7.40 a.m. 
Time required for ventilation . 27 minutes. 
Time to enter drift, and clean up fly ! 

rock with mucking machine, and 

hand mucking so 5 Besa 
Mainmmncian pies cut. ew) oo Ah. 22m. 
Remoye mucker and set drillcarriage. 38 minutes. 
Drilling 28 holes 8 ft. 6 in. . Hy.) did als 
Loading and retiring . 18 minutes. 
Blast . rake etd re 44.50 a. m. 
Total time of one complete cycle . 4h. 40 m. 


Used 195 Ib. 60 °/o gelatin. 

Advanced 7 ft. 6 in. 

Cross section 9 by 10 feet. 

Four drills on Denver Rock drill carriage. 
Character of rock : altered granite. 


Number of men, 16 : including shifter and foreman 
of underground labor gang. 


Twenty-eight 50-cubic foot Koppel cars loaded and 
dumped on waste pile at head of incline. 


Bonus paid for rapid progress. 
The high rate of progress has been 


mentioned. So far as known, the great- . 


est monthly advance heretofore recorded 
was in the west pioneer of the Connaught 
tunnel at Rogers Pass on the Canadian 
Pacific in January 1915. While ‘this 
advance was 932 feet, it was made on a 
face 8 feet by 64 feet, or 52 square feet, 
whereas the high record of 1157 feet at 
the Cascade tunnel was made on a head- 
ing 8 feet by 9 feet, having an area of 


Iv—3 


72 square feet, so that the amount of rock 
broken and removed was 38.5 % greater 
per running foot. 


The heading operation is paid for on 
a footage basis with a bonus for progress 
in excess of a stipulated number of feet. 
Crews working directly in the heading 


-are paid at different rates per foot of 


progress for the several services which 
they perform, but with the understand- 
ing that their pay will not be less than 
it would have been under the hourly rate 
which was in effect prior to1 July. The 
footage price was established by using 
650 feet as the basic progress for a 
month, and the established monthly pay 
on the hourly rate for a full month’s 
work as the standard minimum. On this 
basis the bonus is derived by multiply- 
ing the number of feet advanced in ex- 
cess of 650 feet by the footage ratte. The 
second month this ruling was in effect 
the crews in the Scenic pioneer tunnel 
broke the world’s record for advancing 
and greater progress was recorded in 
both September and October. All men 
directly engaged in the heading operation 
or working at the face come under the 
application of the bonus system, but the 
bonus rate is different for the different 
services and, as has been explained, de- 
pends on the hourly rates of pay in effect 
prior to 1 July. The several grades of 
employees that participate in the bonus 
are drillers and helpers, nippers, under- 
ground laborers and foremen, handy 
men hoist operators, mucker or shovel 
operators, brakemen, motormen and 
shifters, an average of 66 men in three 
crews at every face. 


In addition to the bonus, a « high 
camp » pennant was designed and is 
given to the camp having the best record 
for the previous month. There is a 
friendly but none the less intense rivalry 
for the pennant, which has changed 
hands several times. The device on the 
pennant, the Great Northern « goat >, is 
pertinent and is the cause of good natur- 
ed gibes between camp adherents. 
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The following incident is indicative of 
the rivalry for the pennant, existing be- 
tween camps. The footage basis of 
payment went into effect at 7.45 a.m., 
1 July. The shift going off duty at this 
hour in the Tye river incline had a round 
drilled and loaded at 7.40. The pro- 
gress had been so nearly equal that they 
had the choice of shooting before 7.45 
and taking the pennant away from 
Berne, or holding the shot until after 
7.45 and having the footage apply on 
the July bonus. They did not hesitate, 
but pulled the round and sacrificed the 
bonus for the pennant. 


All gangs work eight hours, and those 
not engaged in the mining operations are 
paid either an hourly or a monthly rate. 
Men are not worked overtime unless ab- 
solutely necessary, but when they are rre- 
quired to do so, penalty overtime is not 
maid. All operations are carried on con- 
tinuously three shifts a day, and seven 
days a week. ; 


Source of electric power. 


In a tunneling operation of such ma- 
gnitude only air or electric power can 
be used to operate the mining machines 
and haulage equipment. When the work 
was started, no current was available at 
either portal although arrangements 
were made to bring power lines to these 
points as soon as weather and snow con- 
ditions permitted. At the west portal it 
was not possible, however, to complete 
the power line earlier than about the 
middle of the summer of 1926, and to 
avoid delay a generating station was ¢s- 
tablished at Scenic. Two six-cylinder 
360-H. P. and one two-cylinder 120-H. P. 
Fairbanks, Morse & Co., Diesel engines 
were installed to drive the generating 
equipment; delivery of power from this 
plant began 18 March and continued to 
§ August, when the Great Northern 
power line from Everett, 97 miles, was 
completed. A maximum of 14 300 kw.-h. 
a day is used at the west portal in the 


lished at all three camps. 


mining and hauling operation, the com- 
pressor room, and the repair shop. 
Electric traction is employed in the 
existing tunnel and the Great Northern 
constructed a power line from Cascade, 
the east portal, to a frequency changing 
station at Lanham Creek spur, from 
which the power was distributed to 
Berne and Mill Creek. This line and 
station were completed 17 April and 
power is still being delivered at a maxi- 
mum rate of about 10.000 kw.-h. a day. 
All drilling machines are air operated 
and complete compressor plants with 


electrically driven Sullivan angle com- 


pound compressors have been estab- 
The plant at 
Scenic contains five compressors of 
950 cubic feet capacity each, which com- 
press the air to 110 lb., but at the other 
camps the number of working faces is 
not so great and a smaller compressor 
capacity is employed, although space is 
provided for additional equipment when 
needed. The air for ventilation is sup- 
plied by electrically driven fans, and is 
conducted to the point of delivery 
through sheet metal pipes of the requir- 
ed size. 

Storehouses and completely equipped 
repair shops, with machine tools, forges, 
and other equipment, are established at 
each camp, and a force of skilled me- 
chanics is employed so that repairs can 
be made to practically every piece of 
equipment in use. A section of the shop 
is set aside especially for grinding and 
tempering drills. 


Much care given to camp construction. 


The camp buildings are substantially 
constructed and every effort has been 
made to give the men clean, sanitary and 
comfortable quarters. Bunk houses ac- 
commodate 10 men, and well equipped 
bath houses with showers and laundry 
facilities are placed at intervals in tthe 
eamps to avoid crowding. Sanitary toil- 
ets and sewage disposal have been proy- 
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ided. Every camp has a commissary, a 
lounging room, and a recreation build- 
ing where lectures, moving pictures or 
other entertainment may be given and 
dances held. Separate houses have been 
constructed for the men who have fami- 
lies and a monthly allowance is given 
those who board themselves. The din- 
ing rooms are spacious; the kitchens are 
exceptionally well equipped and have 
bakeries of ample capacity to bake all 
the bread and pastry used. Special 
houses have been built for the engineer- 
ing staff and the contractor’s supervisory 
forces. 

The new alinement required the pur- 
chase of a summer resort hotel at Scenic 
and this has been partly remodeled to 
provide offices for the contractor and 
the engineering forces. The accommo- 
dations are sufficient to house about 
50 employees and such visitors as have 
business with the railroad or contractor. 

All three camps are in tthe mountains 
far from school accommodations and to 
provide instruction for the children in 
the camp, schoolhouses with sanitary 
toilets and heating plants have been 
erected to care for 50 children at Scenic 
and 35 each at Berne and Mill Creek. 
The local school authorities provide the 
teaching force, 


Line changes. 


The east portal is below the elevation. 


of the present track at Berne so that a 
minor line change and grade reduction 
was required to reach the tunnel. The 
present alinement in this section is very 
crooked and, as a large amount of mater- 
ial which otherwise would have to be 
wasted is available for embankments, a 
revision of the line from Berne to Mer- 
ritt, 92 miles, is being made to reduce 
the heavy curvature and eliminate a 
number of snow sheds. The only im- 
provement in the grade, however, is that 
brought about by the slightly lower ele- 
vation of the portal. 

At Scenic, it was necessary to cons- 


truct about two miles of new line to con- 
nect the tunnel with the present track. 
Descending to the west, the gradient is 
1.7 % compensated for the first mile 
west of the tunnel to provide for yard 
tracks. The new line crosses the exist- 
ing line twice, ouce immediately east of 
Scenic station, where it is 32 feet higher 
than the old line, and again near the 
junction of the two lines one mile farther 
west where the difference in elevation 
is 5 feet. To facilitate dumping the ma- 
terial from the tunnel, which is used to 
construct the embankment, a temporary 
pile trestle has been driven from the 
tunnel to the junction of the two lines. 
Directional passing sidings for east and 
westbound trains will be constructed at 
both ends. 


Chronology and progress. 


The work of clearing the sites for the 
camps began on 1 December 1925. The 
approach cut for the west pioneer tun- 
nel was commenced on 14 December and 
on 29 December the adit or side drift, to 
reach the center heading at Berne, was 
started. The drift for the Tye River in- 
cline was begun on 23 January 1926, 
and the sinking of the Mill Creek shaft 
was started an 30 January. On 27 No- 
vember 1926, the advance faces in the 
drifts had made the following penetra- 
tions : 


West pioneer (including Tye River in- 


lime); Scenic ae miles) On) vas 8 140 feet. 
Center heading, Scenic (eastward) . 3498 — 
Center heading, Berne (westward) . 6 688 — 
Center heading eastward from Mill 

Greekushattwereee wees 1512, 
Pioneer west from Mill Creek shaft. 597 — 
Full tunnel, Scenic (eastward) 1742 — 
Full tunnel west from Mill Creek 447 — 


The contract stipulates that the. entire 
work shall be completed not later than 
30 October 1928, and on 1 March 1926, 
after the preliminary work was finished, 
a progress chart delineating the progress 
which must be made to accomplish this 
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was prepared jointly by the railroad and 
On 27 November, the sever- 


contractor. 


Center heading, Scenic . 

Centre heading, Berne . 

Center heading, east from Mill Creek shaft 
Pioneer, west from Mill Creek shaft. 

Full tunnel, Scenic . : 

Full tunnel, west from Mill Creek shaft 


West pioneer (including Tye River incline), Scenic . 


al operations’ were ahead or behind the 
schedule as follows : 


Feet behind. 


Feet ahead. 


328 2 
2 200 19 
425 3.1/2 
37 2/7 
15 1/2 x 
4 1/2 90 


Supervision. 


A, Guthrie & Co., Inc., of St. Paul, have 
the contract for the tunnel work and line 
changes; J. C, Baxter, vice-president, has 
general charge for the contractor; while 
R. F. Hoffmark, general superintendent, 
has direct charge of the entire operation. 
W. E. Conroy is assistant general super- 
intendent and H. J. King, F. J. Kane and 


C. G. Jones are camp superintendents at 
Scenic, Berne and Mill Creek, respect- 
ively. 

The project is being carried on- under 
the general direction of J, R. W. Davis, 
chief engineer of the. Great Northern. 
Colonel Frederick Mears, assistant chief 
engineer, has direct charge for the rail- 
road, and M. J. C. Andrews is resident 
engineer. 


[ 621 13 & 621.335 ] 


Electric locomotives : 
A method of classifying, analysing and comparing their characteristics, (‘) 
By T. A. F.. STONE, 


NORTH WESTERN RAILWAY, LAHORE, INDIA, 


Figs. 1 and 2, p, 32] and 322. 


(The Engineer.) 


Introduction. — A vast amount of tech- 
nical literature has been written about 
electric locomotives, their mechanical 
and electrical features, their perform- 
ances in service, and their merits and 


demerits as compared with steam loco- 
motives. This paper deals with an as- 
pect of the subject which does not ap- 
pear to have received attention, and that 
is a method by which electric locomo- 


(4) Paper read before the Institution of Mechanical Engineers, London, 19 November 1926. 
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tives as well as steam locomotives can: 


be classified into types on a common 
basis, so that their characteristics can 
be analysed and compared with each 
other and their respective merits de- 
duced therefrom. 

There is much about electric locomo- 
tives that is puzzling to the steam loco- 
motive engineer. The are not external 
evidences of the latent power of the ma- 
chines, and no external signs to deter- 
mine the sphere of utility — that is, 
their suitability for passenger, goods or 
shunting services. With steam locomo- 
tives, the size of the boiler, its working 
pressure, the number and diameter of 
the cylinders, the wheel arrangement, 
the number and diameter of the coupled 
wheels, the presence or absence of a 
tender, all of these external marks estab- 
lish the identity of the steam locomotive 
and enable one to gauge its power and 
sphere of utility. On electric locomo- 
tives these external marks are either ab- 
sent or without significance. For ex- 
ample, wheel arrangements are useless 
for identifying or classifying electric 
locomotives, since very often the same 
wheel arrangement may be common to 
a number of types. Thus the 0-4-4-0 
wheel arrangement is common to passen- 
ger, freight and shunting electric loco- 
motives and to electric motor coaches. 
Some other method of classification must 
be resorted to, and the author proposes 
for this purpose the method described 
later, which is believed to be original. 
He hopes to show how it is possible to 
deduce and compare the relative merits 
of various types of electric locomotives, 
merits so radical in character and nu- 
merous in their variety that steam rail- 
way engineers find it difficult to con- 
cede their validity. 


Leading characteristics of steam and 
electric locomotives. — In order to clas- 
sify the characteristics, it is necessary 
to choose those that are common to both 
types, and thence deduce a basis of com- 


parison. The characteristics of steam 
locomotives include tractive efforts, heat- 
ing surfaces, grate areas, cylinder vo- 
lumes, adhesive weights, total weights in 
working order, weight of motive power 
equipment and horse-power. 

The characteristics of electric locomo- 
tives include tractive efforts, adhesive 
total weights in working order, weight 
of electric motive power equipment and 
horse-power. 

For the purpose of this investigation, 
the following characteristics have been 
chosen common to both systems as 
being the most suitable : 

HP = The average horse-power which, 
for this paper, has been ittaken 
as equal to twenty times the 
grate area in square feet for 
the steam locomotives and 
equal to the one-hour horse- 
power rating for the electric 
locomotives. 

A = The adhesive weight in tons of 
the locomotives when in work- 
ing order. 

E = The weight in tons of the mo- 
tive power equipment which, 
for the steam locomotive, 
includes the weight of the 
boiler, water, coal, steam 
pipes, cylinders, pistons, pis- 
ton-rods and motion, and for 


the electric locomotive in- 
cludes the weights of the 
motors and the _ electrical 
equipment. ; 


W = The weight in tons of the loco- 
motives in working order. 


The absolute values of the above cha- 
racteristics are useless for comparing 
steam and electric locomotives, but their 
relative values or ratios between them 
give tthe required basis of comparison. 


HP ; 
For instance, the ratio Fe bears typical 


values for passenger engines, other ty- 
pical values for goods engines and still 
other typical values for shunting en- 
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classified them and calculated the values 
of the characteristics HP, A, E, and W, 
as well as the values of the various ratios 


gines. Further, these typical values are 
different in the case of steam locomo- 
tives from what they are in the case of 
electric locomotives, as will be shown 


rae 5 HP 

latew subsisting between them, which are = 
HP HP E E A 

‘iassificati istics, — —,—: —,— and —- An abstract of the 
Classification of characteristics. In E wwa WwW 


order to carry out his investigations, the 
author collected. data regarding some 


results is tabulated in table HH, and a still 
ninety-two steam and electric locomotives, 


further condensed abstract in table I. 


TaBLe I. 
. HP HP A : 2 
Average values of ratios a Ww and Ww for steam and electric locomotives. 
Gdn ta locemotras Electric locomotives 
: (average of all systems). 
Type of locomotive. SSS SSS Ses 
HP HP A HP HP A 
Aes WwW Ww A Ww Ww 
Passenger 15.40 D6 0.375 30.89 22.99 0.753 
Goods. : 10.96 5.70 0.528 19.18 18.24 0.940 
Suburban motor coach Loi 4.48 0.337 13.59 GR 5) 0.790 
Shunting. 9.03 6.34 0.704 14.15 10.32 1 


Only three of the ratios have been 
shown in the above table in order to 


make the issues more clear. The com- 
plete abstract of average values for all 
the six ratios referred to is given in 
table IT. 

It will be noted in table I, that the 
three ratios chosen are higher in every 
case for the electric locomotives than 
for ithe steam locomotives of the same 
type. 


Also the ratio ~ is highest for the 


higher-speed passenger locomotives — 
both steam and electric — and, lowest 
for the lower-speed shunting locomo- 


tives — both steam and electric. In 
> 


other words, the ratio is a measure 


of the speed for which the locomotive is 


designed, a fact which can be reasoned 
out as follows : ; 


The horse-power of a ‘locomotive is 
proportional to the product of its trac- 
tive effort and its speed, and the former 
is proportional to the adhesive weight of 
the locomotive. Consequently, the horse- 
power of the locomotive may be said to 
be proportional to the product of its 
adhesive weight and speed. Therefore, 


HP 2 A . 
aa is proportional to abate that is, 
proportional to the speed. 


In the same way, it will be shown that 


= bear typical values for steam passen- 


ger, goods and shunting locomotives, and 
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TABLE II. 


Classification of characteristics of steam and electric locomotives 
(being the average value of ninety-two steam and electric locomotives). 


Type of locomotive. 


Passenger : 
Steam. 
DeeeeiS ps 
D-G.8.. : 
HS. 


Shunting : 
Steam. 
SaPuS. 
DG. 'S. 
dig) Ses ee 
Motor coach ; 
Sicalnne en eet: “hl te ens hs 12.37 
8. P.S8. 12.66 
DECAS 14.53 


its characteristic ratios with those in the table. 


2. It is quite possible that two new types of electric locomotives may be evolved in the near future, i, e., the high- 
speed express passenger and the fast goods electric loeomotive. 


from those shown in table II. 


Norg.— 1. This table forms a key for identifying the type of any steam or electric locomotive by comparison of 


Average values of ratios. 


0.375 
0.688 
0.78 
0.79 


0.528 
0.85 
Ono 
1.00 


0.704 
41.00 
4.00 
1.00 


438 618 
482 482 
403 403 
75 ATS 


0.337 
0.720 
0.85 


0.24 
8. 0.316 
Agee 0.218 


0.744 
0.479 
0.290 


These would have characteristic ratios differing 


other typical values for electric passen- 
ger, goods and shunting locomotives. 
To show this, table II has been prepared. 
From the study of this table, the follow- 
ing conclusions may be drawn : 

1. That the horse-power per ton of 
adhesive weight is much higher for elec- 
tric than for steam locomotives of the 
same type. 


2. That the horse-power per ton of 
electric equipment for the electric loco- 
motives is much higher than the horse- 
power per ton of steam equipment for 
the steam locomotives. 

3. That the horse-power per ton of 
total weight in working order is much 
higher for electric than for steam loco- 
motives of the same type. 
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4. That the weight of the electric 
equipment is approximately the same as 
the weight of the steam equipment for 
locomotives of ithe same total weight. 

5. That for locomotives of the same 
adhesive weight, the weight of the elec- 
tric equipment is much less than that-of 
the steam equipment. 

6. That passenger electric locomotives 


ee Elle 
have the greatest value of the ratio we 


HP E 
— and -—, and the least value of the ratio 
W A 


A 
—>»as compared with electric goods and 
Ww 


shunting locomotives, whether direct- 
current, single-phase or three-phase. 
7. That shunting electric locomotives 


MAR Tale 
have the least value of tthe Be SS ip ee 


W 


HP 
and aa and the greatest value of the 


ae : : 
ratio = as compared with electric pas- 


senger and goods locomotives, whether 
direct-current, single-phase or three- 
phase. 


8. Electric motor coaches have the 


least values of the ratios fe and a of all 
W A 


the types considered, whether direct- 
current, single-phase or three-phase. 

9, Electric goods locomotives have 
ratios intermediate in value between 
those of passenger and shunting locomo- 
tives. 

10. That of the electric locomotive 
types, the ratios for the single-phase 
system most resemble that of the steam, 
and the ratios for the three-phase system 
least resemble those of steam locomo- 
tives. Thus the determination and clas- 
sification of the above ratios for any 
steam or electric locomotives furnishes 
a method of identifying its type or sphere 
of utility. 


Analysis of characteristics. —_ Having 
evolved a common basis of classifying 


electric and steam locomotives into vari- 
ous types, to determine their sphere of 
utility, the author will now endeavour 
to analyse the characteristic ratios and 
to deduce therefrom ithe respective me- 
rits of 1. steam locomotives, 2. single- 
phase, 3. direct-current, and 4. three- 
phase locomotives. In what follows, the 
initials S.P.S., D.C. S. and T.P.S. de- 
signate singlesphase system, direct-cur- 
rent system, and three-phase system res- 
pectively, and the values of the ratios 


He any a a ce and Ese for the above 
A EP We wk W 
will now be examined in detail. 


iBhie 
The ratio <— This might be called 


the speed efficiency ratio, because it is 
a measure of the speed for which the 
locomotive is designed, and it is there-. 
fore an index of the sphere of its utility. 
Table III is an abstract of the average 
values of this ratio. 


TasuE III. 


. HP 
Average values of the ratio Bie 


rype ot toot sean fet ets et 
Passenger. .. . $415.4 | 23.7 | 24.78 | 44.2 
Good siyarae mre 10.96 | 14.84 | 15.40 | 27.8 
Shunting ....f 9.08) 410.53] 8.77] 44.45 
Motor coach. . . | 12.37 | 42.66 | 14.53 

Nore. — The above are average values of this ratio, 
but the maximum values may be much higher, espe- 


cially. for high-speed express passenger locomotives, 
HP: 
for which the ratio ae may be = 50 or more. Also 


the tendency on electric railways in future will be to 
raise speeds of goods trains to those of passenger 
trains to increase the capacity of the railway* and 


HP 
this will increase the ratio 77 for these fast goods 


locomotives. 


Lee 


The conclusions that can be drawn 
from table III are: 


1. That the T. P. S. has by far the high- 


pig a 
est value of the ratio a of all types 


and the steam locomotive by far the 
lowest. 


HP 
2. That the ratio ra increases with 


the speed for which the locomotive is de- 
signed, being highest for passenger and 
lowest for shunting locomotives. 


The reasons for ithe high value of this 
= (EL 
ratio Fe for T. P.S. locomotives are as 
follows : 


a) The T.P.S. motor is considerably 
lighter than an §.P.S. or D. C.S.. motor 
of equal horse-power; 

b) The auxiliary electrical equipment 
required for the T. P. S. motors is lighter 
than that required for the S.P.S. and 
— DaGaise 

c) On the other hand, for a given duty 
or service, the capacity or rated horse- 
power of the T.P.S. motor has to be 
greater than that of an S.P.S. or D.C.S. 
motor, due to the constant speed pro- 
perty of the T.P.S. motor and the ne- 
cessity for providing for peaks loads. 
This will be explained when discussing 
figure 1. 


The reasons for the low value of the 
Sees a : 
ratio —— for steam locomotives are as 


follows : 


a) The fact that, for a given horse- 
power the weight of the motive power 
equipment of a steam locomotive is con- 
siderably more than that of an electric 
locomotive; 

b) The fact that part of the adhesive 
weight of a steam locomotive consists of 
revolving balance weights, whose action 
is to reduce the coefficient of adhesion of 
the steam locomotive. Consequently, the 


tractive effort that can be utilised is less 
with the steam than with the electric 
locomotive of equal adhesive weight, and 
therefore the horse-powef® that can be 
usefully applied is less also; 

c) The fact that the torque or turning 
moment of the driving wheels is not con- 
stant throughout each. revolution of the 
wheels, but varies, whereas that of the 
electric locomotive is even. Consequent- 
ly, the tractive effort and therefore the 
horse-power that can be applied to the 
steam locomotive is less than that of the 
electric locomotive of equal adhesive 
weight. 


ae AE LY ; 
The ratio ee This may be called 


the efficiency of the motive power ratio, 
for it measures the output or work done 
per unit of time for every ton of the 
motive power equipment. Table IV is an 
abstract of the average values of this 
ratio. 


[apie ol Ve 


HP 
Average values of the ratio =z 


Electri tric} Electric 
Type ottecomotive| sam. RA Bee 
Passenger. . . . $12.85] 32.9 | 46.5 
Goods) Aa aes. - 42.00 | 27.06 | 41.9 
Shunting ... . $414.48] 24.90 | 22.18} 30.9 | 
Motor coach... 27.40 | 54.40 


Unfortunately, the author has not been 
able to obtain the weights of electrical 
equipment of three-phase locomotives, 


except for one locomotive. But it is 
well known that for equal horse-power 
the weight of a three-phase motor with 
its auxiliary regulating equipment, is 
less than ithat of either an S.P.S. or 
D.C. S. motor and equipment. 


From table IV it may be inferred : 
a) That the three-phase locomotive 
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has by far the highest value of the 
2, O ELE, : 
ratio im and the steam locomotive by 


far the lowest of all types; 


b) That the shunting locomotives— 
electric—have the lowest values of the 


7) ee 
ratio —. 
iE 


c) Notwithstanding the fact that 
T.P.S. motors have to be designed for 
a higher horse-power capacity for the 
same service, the weight of the electrical 
equipment of a three-phase locomotive 
is less than that of an S. P.S. or D.C.S. 
locomotive designed for the same service, 
The reason for this is that the three- 
phase motors take the current straight 
from the overhead contact wires, without 
the intervention of transformers used 
for S.P.S. motors, and with regulating 
apparatus weighing less than that neces- 
sary for D.C. S. motors; 


ee EL 
d) That the ratio So for a passenger 


electric locomotive is greater than that 
for a goods locomotive and still greater 
than that for a shunting locomotive. This 
is due to the fact that high-speed motors 
are used for tthe passenger locomotives 
and low-speed motors for goods and 
shunting locomotives, and for the same 
horse-power a high-speed motor is lighter 
than a low-speed motor. 


The ratio a — This might be called 


the power-weight utilisalion ratio, for it 
is an index of the power developed for 
every ton weight of the locomotive. 
Table V gives the average values of this 
ratio. 


From this table the following may be 
deduced : . 


HP 
a) That the ratio a7 is by far the 


highest for the T. P. S. electric locomotive 
and by far the lowest for the steam loco- 
motive. 


b) That for the electric locomotive this 
RY Sees 
ratio ots highest for the passenger and 


lowest for the shunting locomotive, the 
ratio being thus an index of the service 
for which the locomotive is designed. 


TABLE V. 


— 


HP 
Average values of the ratio Ww 


Electric] Electric] Electric 
SB 2S-i) DsC.S. | Tahas. 


Type of ecomatie| Steam. 


5.67 | 16.26 
12.03 
10.53 


8.45 


18.8 | 33.9 
1409) 1} 28 
8.77 | 14.45 
dE 


Passenger. .. . 


Goods 


Shunting .... 
Motor coach. . . 


The reasons for the higher value of 
this ratio for the electric locomotives are 
as follow : First, for equal weights of 
equipment, the horse-power developed 
by the electric equipment is much higher 
than that developed by the steam equip- 
ment. Secondly, the deadweight such 
as frames, wheels, tender, coal bunkers, 
water tanks, required to carry the steam 
equipment is heavier than that required 
to carry the electric equipment. Con- 
sequently, the value of HP is higher and 
that of W is lower for the electric loco- 


HP 
motive, so that the value ies is much 
higher, 


3. Amongst the electric locomotives, 
the T. P.S. has by far the highest value 


of the ratio = for the reason ‘that for 


the same maximum horse-power the 
T.P.S. motor is lighter than the others, 
and, moreover, requires more simple and 
lighter auxiliary electrical apparatus, so 
that the deadweight required to carry 
the electric equipment for the T.P.S. 
locomotive is also lighter. 
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E 
The ratio wo This might be called 


the index of the utilisation of total weight 
by the weight of the motive power. The 
higher this ratio the more effective may 
be said to be the motive power of the 
locomotive, for any given horse-power. 
In comparing this ratio for steam and 
electric locomotives, it should be borne 
in mind that for a given horse-power the 
value of E is far lower for electric than 
for steam locomotives. Consequently, 


E 
the ratio will not materially differ. 


The average values of this ratio = are 


given in table VI. 


TABLE VI. 


Average values of the ratio =. 


[froze ottcomotine| som, Settler mea 
[SS ET NS Se ES 
Passenger... . | 0.443 | 0.499 | 0.404 
Goad See vos, sue 0.476 | 0.459 | 0.358 
Shunting ... . | 0.438] 0.482 | 0.403 | 0.475 
Motor coach. . . | 0.240] 0.316 | 0.218 


The following may be deduced from 
this table : 


ak. 
a) That the ratio = is lowest for mo- 


tor coaches, 


The reason for this is that the weight 
W includes. not only the deadweight re- 
quired to carry the electrical equipment, 
but also the deadweight required to 
carry the passengers. The other types 
do not carry passengers, whereas the 
motor coach does; 


b) The ratio =: does not materially 


‘differ from steam and electric locomo- 
tives built for the same service, for the 
reasons already stated. 


The ratio 7 Sra hehe venlled 


the ratio of utilisation of motive power 
weight by the adhesive weight. When 
comparing this ratio for steam and elec- 
tric locomotives, it should be borne in 
mind that the horse-power developed by 
the electrical equipment E is much, 
greater than that developed by steam 
equipment of equal weight. The average 
values of this ratio for the various loco- 
motives are given in table VII. 


IPABLED VOLE. 


E 
Average values of the ratio re 


Type otlocomotv sean, ete ee men 
Passenger. . . . [4.204 | 0.703 | 0.521 
Goods tres" ate 0.944 | 0.546 | 0.374 
Shunting . 0.618 | 0.482 | 0.403 | 0.475 
Motor coach. . . } 0.714 | 0.479 | 0.290 


The deductions from this table are : 


a Diane 
a) That the ratio a is highest for pas- 


senger engines and lowest for motor 
coaches, except steam; 


i ; 
b) That the ratio = is highest for 


steam locomotives and lower for D.C. S. 


and T.P.S. than for the S. P.S. 


The ratio = — This might be called 


the ratio of utilisation of total weight by 
the adhesive weight. It is therefore an 
index of the suitability of a locomotive 
for shunting, banking or heavy grade 


A 
services for which the ratio. = should 


be as high as possible. 
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The average values of this ratio are 
given in table VIII, 


TABLE VIII. 


A 
Average values of the ratio Ww 


Electric] Electric| Electric 
S. Pas. | D.Cssi ple bess 


Type of ocomotiv| Steam. 


Shunting .... 


Motor coach. . . 


The deductions to be drawn from this 
table are : 


A 
a) That the ratio = is highest for 


shunting engines and lowest for passen- 
ger engines, 

b) That the ratio is highest for T.P.S. 
locomotives and lowest for the steam 
locomotives. 


An important deduction that may be 
drawn from the study of the various 
tables is that the S. P. S. locomotive more 
resembles the steam locomotive in its 
properties than do either the D.C.S. 
locomotive or the T. P. S. locomotive. 
The ‘latter is radically different in its 
properties from the steam locomotive, as 
will be explained, as it has a constant 
speed characteristic, whereas the steam 
locomotive has a constant horse-power 
characteristic. 


Comparison of the characteristics of 
steam and electrical locomotives, — In 
order to compare the characteristics of 
steam locomotives with those of S.P.S., 
D.C. S. and T.P.S. locomotives, it wil 
be assumed that a number of hypotheti- 
cal locomotives have to be designed, one 
of each type. with the same wheel arran- 
gement 0-4-4-0 type, the same adhesive 
weight, 40 tons; and the same axle load 


of 10 tons. The starting tractive effort 
will be assumed to be the same for each 
and equal to 


the adhesive weight 


; = 22 400 Ib., 


and the duty to be performed will be in 
each case to haul a trailing train load of 
115 tons up a 3 % gradient at a speed 
of 16 miles per hour. 

The tractive effort at this speed for 
this duty will be = 11 720 Ib. 

The horse-power at this speed for this 
duty will be = 500. 

The above purely arbitrary assump- 
tions have been taken to be the same for 
all locomotives to be compared, but in 
actual practice they would not be the 
same for all the locomotives, owing to 
their widely different characteristics. 
These conditions correspond roughly to 
those obtaining on the Kalka-Simla Rail-° 
way, except that the locomotives con- 
sidered in this comparison are approxi- 
mately 66 % more powerful than the 
existing locomotives on the Kalka-Simla- 
Railway. 

Figure 1 has been got out to compare 
the respective tractive effort-speed cur- 
ves of the hypothetical steam, single- 
phase, direct-current and the three-phase 
locomotive referred to above. 

Horse-power curves and train resist- 
ance curves have also been added ito the 
diagram to bring out the respective pro- 
perties and merits of each type of loco- 
motive, and to furnish the data for plot- 
ting figure 2. ! 

Figure 2 has been got out from the 
above diagram by multiplying the speed 
in miles per hour by the train load in 
tons hauled at that speed by each loco- 
motive, and plotting the products. 

Thus the diagram shows the hauling 
capacity at various speeds for each of 
the locomotives considered. The speed 
at which tthis hauling capacity is a maxi- 
mum has been termed the critical speed 
on the diagram. 


— 321 — 


Tractive effort at 16 miles per howr = 11720 lb. 


Equivalent to a train load of 115 tons up a 3°), grade at 16 miles per hour. 
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Tractive efforts of locomotives in lb. 
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Tractive resistance of trains in 1b. 


Speed in miles per howr. 


Fig. 4. — Comparison of tractive efforts of steam and electric locomotives of same 
adhesive weight, each being designed for the same service. 


T.P.S.CRITICAL SPEED L 


Maximum gross ton-miles per hour. 


TON MILES PER HOUR 
HAULED AT 16M.P.H. IS 
THE SAME FOR ALL 


Speed in miles per hour. 


Vig. 2. — Maximum gross ton-miles per hour at various speeds which can be hauled 
by the steam and electric locomotives referred to on figure 1 up a 3 °/o grade. 


The following conclusions are drawn 
from the analysis of the above diagrams 
and from the « ratios » : 


A, — Types of locomotives. 


1. Passenger locomotives have the high- 


| He Poe 
est values of the ratios ——, —, 
A SESW 


E A 
me and the lowest values of the ratio We 


2. Shunting locomotives have the high- 


A e 
est values of the ratio = » and the lowest 


values of the ratios HY , He and ana 
Ae EH 
3. Motor coaches have the lowest 


_ values of the ratio E. 
WwW 


4, Goods locomotives have interme- 
diate values for all ratios. 


B. -— Types of motive power, 


1. The three-phase electric locomotive 
has the greates maximum horse-power, 
the highest critical speed, greatest acce- 
lerating force start to full speed, and the 
least range of economical speeds and the 


highest values of the ratios pi Seer 

i iW 
A 

and a and the lowest value of the 
See 
ratio —- 
A 


2. The steam locomotive has the least 
maximum horse-power, lowest critical 


speed, least accelerating power start to 
full speed, and the greatest range of 
economical speeds. It has the highest 


sl 
value of the ratio a and the lowest values 


of the ratios “ a ae 


A 
i Ww and —- 


W 

3. The D.C. S. locomotive has proper- 
ties and ratios intermediate between 
steam and three-phase locomotives, but 
closer to the latter. 


4, The S.P.S. locomotive has proper- 
ties and ratios intermediate between 
steam and three-phase locomotives, but 
closer to the former, 
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The embrittlement of boiler plate; () 
By S. W. PARR, 


PROFESSOR OF APPLIED CHEMISTRY, UNIVERSITY OF ILLINOIS, 


and 


KF. G. STAUB, 


SPECIAL RESEARCH ASSISTANT, UNIVERSITY OF ILLINOIS ENGINEERING EXPERIMENT STATION 


Fig<. 1 to 8, p. 326 to 328. 


(Railway Review.) 


Within recent years, a phenomenon of 
more or less frequent occurrence has 
become recognized, to which the term 
«the embrittlement of boiler plate >» has 
been applied. Because of the relatively 
infrequent occurrence of this difficulty 
and the more or less obscure causes 
which bring it about, the fact of embrit- 
tlement has been largely in question, and 
both the evidence of its presence and the 
conditions which promote it are matters 
of importance at the present time. This is 


all the more accentuated by reason of the 
fact that seemingly within recent years 
an increased number of boiler failures 
chargeable to embrittlement are in evi- 
dence. 

It should be said at the outset that 
these studies were undertaken by the 
engineering experiment station of the 
University of Illinois as a continuance 
of former studies, under conditions which 
would preclude any possibility of the 
work being done for any manufacturing 


(‘) Abstracted from a report presented at the convention of the American Society for Testing Materials, 


at Atlantic City, 21 to 25 June 1926. 


ee 


or industrial enterprise, but solely for the 
purpose of developing information of 
general interest to all, whether concern- 
ed in the production of power or the 
fabrication of boilers. 

It was determined at the outset that it 
seemed desirable to make a critical sur- 
vey of the situation with a view to esta- 
blishing beyond any question the facts 
as to the actual existence of such a 
thing as embrittlement. There has come 
somewhat persistently into the discus- 
sion of the topic references both to em- 
brittlement as an actual fact and discus- 
sions making use of the expression 
«the embrittlement myth,» implying a 
question as to the reality of embrittle- 
ment. Hence the initial phase of these 
studies was directed towards proof of 
either the existence or the absence of 
the phenomenon. 

In order to study the matter of embrit- 
tlement, therefore, it was deemed essen- 
tial at the outset to develop some method 
of recognition which would be reliable 
without question, and distinctly diffe- 
rentiate such phenomena from other 
similar or related conditions. This led 
directly to a study of the cracking of 
rolled or fabricated plate. The studies 
along this line have revealed the fact 
that three types of cracks may occur as 
follows: corrosion cracks, fatigue cracks, 
and embrittlement cracks. 


Corrosion cracks. 


As the name implies, such cracks are 
due to direct corrosion of the metal. 
It is well known that where parts of the 
metal differ in composition or physical 
properties from other parts due to 
strains, density or impurities, there exists 
a difference of electric potential by 
reason of the fact that one portion of the 
metal is electro-positive to another. This 
electric potential sets up a galvanic cir- 
cuit and in the presence of an electrolyte 
there is started a solution action on the 
positive side and a corrosion area is 


thereby developed. These corrosion areas 
or cracks in the case of metal under 
strain will follow the lines of stress as 
would naturally be expected. Also, since 
the electrolyte for producing the solvent 
action is accentuated or occurs in the 
presence of that type of ionization where- 
in the hydrogen ions predominate, it 
would be expected that such examples 
of corrosion would be found in the pre- 
sence of such electrolytes as nitrates, 
chlorides, or sulfates, and such corrosion 
phenomena would be checked or inhi- 
bited by the presence of hydroxyl ions 
or that condition where an alkaline state 
exists. This in itself will explain why 
corrosion cracks would not be found 
in boiler waters which are alkaline in 
character. A study of chemical corro- 
sion as described does not necessarily 
require a micrographic analysis of the 
structure of the corroded surface and the 
accompanying illustrations (fig. 1) in- 
clude both the unmagnified and the 
magnified surfaces of cracks of this 
character. One specific feature should 
be noted in the micrograph, namely, the 
direction of the cracks follows the lines 
of stress, and this without regard to 
grain areas, that is, they proceed across 
the grains and disregard the grain boun- 
daries in their path of development. 


Fatigue cracks. 


The development of cracks due to 
stress alone supplies interesting illustra- 
tive material in the study of metal cracks. 
Because of the abundance of material 
available of this type from the investi- 
gations of the fatigue of metals labora- 
tory, an illustration is here introduced 
(fig. 2) because of its bearing on the 
general topic of cracking of plate. It 
seems that in metals placed under re- 
verse strains, as failure is approached, 
cracks develop which upon micographic 
study reveal a positive characteristic 
which serves as a ready method of iden- 
tification. By examination of a few type 
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specimens it is obvious that the cracks 
which have been started as a result of 
fatigue do not respect the fact of grain 
structure in the metal, but follow a 
course quite independent of grain bound- 
aries and are hence described as cross- 
granular in character as opposed to inter- 
granular in their directional development. 


Embrittlement cracks. 


It is possible to differentiate those 
cracks which accompany embrittlement 
from either of the foregoing types for the 
reason that a micrographic study shows 
ene distinctive characteristic which in 
all cases is found to accompany this 
type. By reference to the micrographs 
of embrittlement cracks, especialy when 
the surface is etched in such manner as 
to bring out clearly the grain boundaries, 
it is very evident that without exception 
these embrittlement cracks follow grain 
boundaries. Two typical micrographs 
- illustrating the point are shown in 

figure 3. 

It is clearly evident that certain region- 
al areas may be defined in which em- 
brittlement is more evident than in other 
regions where embrittlement does not 
exist. The waters of these regions are 
characterized by the fact of an almost 
complete absence of sulfates ‘in the water, 
but this phenomenon accompanies an- 
other very marked characteristic and the 
one which is primarily responsible for 
the embrittling action, namely, the pre- 
-sence of free sodium bicarbonate. 

The causes of embrittlement which can 
be traced to water treatment are compa- 
ratively few in number, but the possibi- 
lities of such distress if even remotely 
present should be thoroughly understood. 

The embrittling effect is not confined 
to any particular make or type of boiler, 
all of the standard makes of both fire and 
water-tube boilers having been repre- 
sented in the investigation. 

Embrittlement is not confined to 
faulty or dirty iron, but quite as con- 


IV—4 


sistently occurs in iron of the best grade 
as otherwise. The micrographs in fig- 
ure 6 will serve to illustrate these facts. 


Summary of embrittlement 
characteristics. 


The salient features which are char- 
acteristic of embrittlement may be more 
fully understood upon a brief survey of 
a few typical illustrations taken from the 
numerous cases which were noted. 

Figure 7, for example, is a blow-off 
flange and it may be inferred, from the 
frequency with which cases of this sort 
are met, that the difficulty may be accen- 
tuated by the vibratory effect produced 
by the blowing off process. 

Figure 8 is the outside of a drum from 
which twenty-six rivet heads were 
knocked off by sharp blows from a ham- 
mer. Figures 3 and 6 show micrographic 
studies of embrittlement cracks in these 
same or corresponding plates which have 
failed in service. 

The characteristics of these cracks 
may be summarized as follows : 

1. The cracks do not follow what is 
generally considered the line of maxi- 
mum stress; 

2. They start on what is termed the 
dry side of the plate; 

3. They run, in general, from one 
rivet hole to another, though they often 
run past each other, leaving islands of 
plate; 

4. They are irregular in direction; 

5. They never extend into the body 
of the plate beyond the lap of the seam; 

6. There is no elongation of the plate; 

7. Where extreme action has. occur- 
red, rivet heads crack off or are easily 
dislodged by a slight blow of the ham- 
mer. 


A summary of conditions relating to 
the location of the cracks in the boiler 
may be given as follows : 

1. The cracks always occur below 
the practical water level; 
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2. All the cracks are in seams under 
tension; 
3. They occur at 


places where the — 


highest localized stresses might be assum- 
ed to occur; 
4. The cracks occur in plates having 


Fig. 8. — Outside of embrittled drum in a 500 H. P. boiler. 


practically perfect chemical composition 
and physical properties as well as in 
plates of inferior make. 


Table I gives the chemical analysis of 
boiler plate in which a few typical cases 
of embrittlement have occurred. It is 
of interest to compare these analyses 
with those of standard samples of high- 
grade material supplied direct from the 
manufacturers for testing under a later 
topic, that of « Laboratory reproduction 
of embrittlement >. 


A summary of the chemical conditions 
which characterize the water used -in 
boilers where embrittlement has occur- 
red is as follows : 


1. Sodium carbonate is the one sub- 
stance which is always present in the 
feed water; é 

2. Sulfate hardness is usually absent 
or of a low ratio with respect to the 
sodium carbonate present. Sodium sul- 
fate is similarly lower in amount than 
the sodium carbonate; 


TABLE I. 
Chemical analysis of plates from 
embrittled boilers. 


Per cent, 
NS SS 


0.26 | 0.045 | 0.064 
0.39 | 0.047 | 0.024 
0.50 | 0.005 | 0.024 
0.54 | 0.013 | 0.036 
0.34 | 0.044 | 0.025 
0.37 | 0.048 | 0.048 


Bloomington, Ill. . 
Hartland, Ill. .~ . | 
Champaign, Ill. . . 


Los Angeles, Calif. 
Houston, Texas. . 
Railway 


3. Boilers encountering this trouble 
use waters having the characteristics 
noted under 1 and 2, and as a conse- 
quence of chemical reaction within the 
boiler develop a caustic condition with 
the sodium hydroxide in material excess 
over the sodium sulfate present. 


t,o os 
‘ 
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Table Il gives the analysis of. well determining both the cause of and the 


waters which have been used in embrit- 
tled boilers. 


Laboratory reproduction 
of embrittlement. 


It will be at once evident that if a 
method could be~ devised for~ reprodu- 
cing the feature of embrittlement at will, 
a ready means would be available for 


remedy for the difficulty. Intercrystal- 
lin cracking of mild steel is an abnormal 
type of failure; consequently if mild 
steel can be made to crack under condi- 
tions which may be controlled or modi- 
fied at will and under conditions which 
parallel those of actual boiler operations, 
both the cause and the remedy may be 
in a fair way of solution. 


TABLE IT. 


Analysis in grains per U.S. gallon of well waters which have been used in embrittled boilers. 


Bloomington, Ill. 
Urbana, 
and 
Champaign, Il. 
De Kalke, IL. 
McHenry County, 


peo sed 
6.82 
3.24 
0.00 
3.85 


9.75 
6.34 
4.52 
0.40 
0.47 


8.23 
4.72 
3.93 
0.08 
0.10 


Calcium carbonate . . 
Magnesium carbonate. 
Sodium carbonate . . 


Sodium sulfate... . 


Sodium chloride . . . 


Iron oxyde and alumi- 
num oxyde 


0.10 
0.82 


0.07 
0.40 


0.42 
Silica 0.58 


Total solids. . .| 26.35 | 23.47 | 17.92 


Ti. 


6.27 
5.18 
3.12 
0.00 
0.39 


0.53 
0.23 


Watseka, Ill. 
Paxton, Il. 
Sycamore, Il. 
Los Angeles, 
Calif. 
Dallas, Texas. 
Denver, Colo. 
Houston, Texas, 


ot 
or 
Ot 
2 
ro) 
wo 
wo 
cr 

© 


16.03 


The specimen to be tested was mea- 
sured with a micrometer and the area 
calculated. The load necessary to give 
the required stress was calculated and 
the compression of the standardized 
spring to give this load determined. 
The specimen was set in the yoke and 
pinned ito the plunger which was tigh- 
tened by screwing down the nut on the 
upper end. When the spring was com- 
pressed to the right length the gland was 
tightened and the upper part of the 
apparatus placed on the container in 
which the desired solution had been 


previously placed. After the parts had 
been tightly bolted together they were 
placed in an electric furnace and heat- 
ed until the desired pressure was obtain- 
ed. A record of the pressure, tempera- 
ture, and spring length was taken at 
regular intervals. When embrittlement 
had progressed sufficiently to break the 
specimen, the spring forced the plunger 
up, thus indicating that the specimen had 
broken. The release of the spring was 
in all cases found to be instantaneous 
and free from any indications of slow 
yielding. 
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Tarte oil. 


Chemical analysis of metals tested. 


Reference. Description. Carbon, tates ae Sulfur. Silicou | Nickel, me! 
RR RN RE AS SS SSS SSS SS SS RS SEES 
Per cent, 
a 
F. S. Flange Steel ...... 0.480 0.450 0.012 0.027 * 
Armco. | Armco Iron. . . oe 0.028 0.0417 0.0038 0.010 0.04 
IM Magnetic Iron... . 0.040 0.020 0.004 0.007 0.01 
Cake ColdRolleds ss 4. 0.800 0.420 0.015 0.044 0.04 
1442 SP AGE MM2 e ee 0.450 0.760 0.215 0.126 0.04 See 
23412 SAL Be 2302 (Hehe. 0.445 0.450 0.018 0.025 (0.205 | 3250 aE 
2212 | Special (4) (2). 2... . 0.430 | 0450 | 0.018 0.020 | 0.26 | 1.57 | 0.25 
2330 |S. A. E. 2380 (2)... .| 0.800 | 0.478 | 0.023 | 0.015.) 0.051] 3.42 
(1) Furnished by Central Steel Co., Massillon, Ohio. 
(2) Cut to 1/4 inch flat from 11/4 inches round, 
TABLE LV 
Tension tests of materials used. 
Elastic limit, } Yield point, Tensile Reducti 
Reference. Description. Heat treatments (}). Wb. per ‘WD. ie strength, of cae 
| square inch, | square inch. squaze eke per ceut. 
1 Se Flange Steel .. . . | Asreceived... . 32 600 35 200 60 400 61 
Armeo. | Armco Iron. ... . | Annealed 950° C. . 32 000 40 600 52 600 70 
M. I. Magnetic Iron .. . —= 950°C, = 25 000 30 000 50 700 Te 
Gaks Cold Rolled. ... . As received ... . 70 000 84 000 85 500 55 
CaRS A. | Cold Rolledee. se Annealed 850° C. . a3 36 400 64 700 55 
4442 A oy teed 4? ee —_— 900° C. . 47 500 49 000 74 000 56 
23412 SHAG Ba eodee ta cee — 900° C. . 37 000 40 000 74 800 WS 
2242 Special wa. e j — 900° C. . 35 000 36 800 75 000 715 
2330 S.A. i 2ee0 ae — 850° CG... 44 000 49 200 77 300 Dill 
(1) Annealed specimens heated to temperature indicated for 3) minutes and furnace cooled. 


The average area of the test specimens within 1000 Ib. per square inch when 
was 0.05 square inch. The accuracy of ithe stress was in the range of 10000 Ib. 
the estimated load on the specimen was per square inch. In calculating the 
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stress, allowance was made for the stress 
added by the steam RueSsine acting on 
the plunger. 


Test data on embrittling. 


The results of the tests on the various 
metals embrittled are given in tables V 
to IX, inclusive. They indicate that 
two conditions must be present simulta- 
neously to cause embrittlement of steel; 
first, the actual stress must be above the 
yield point of the metal; and second, 
the concentration of sodium hydroxide 
must be in excess of 350 gr. a litre 


marked effect on the rate of embrittle- 
ment. 

When distilled water, sodium-carbo- 
nate solution, or sodium-sulfate solution 
was used in place of sodium hydroxide, 
the metal was not affected even when 
the stress was equal to that causing fai- 
lure when sodium hydroxide was used. 

The temperature of the previous com- 
plete annealing sample has no marked 
effect on the rate of embrittlement, 
neither has the amount of stress once it 
passes the yield point. 

If the metal has been extremely cold- 
worked previous to testing for the rate 


of embrittlement, it will not lower the 
stress necessary to start this effect, but it 
appears that it will actually require a 


(350 000 parts a million, 20 000 grains a 
gallon). The variation of pressure up 
to 200 lb. a square inch seems to have no 


TABLE V. 


Effect on flange steel of stress and concentration of solution. 


Solution, es a a a ees Stress, Time. Gage pressure, | | 
g. NaOH lb, per Container, = |— lb, per 
per litre. | square inch. Break. No break. square inch. 
415 | 30 000 No. 4 22 days. 65 
400 34 600 No. 4 18 — 65 
400 33 000 “No. 4 16 — {nel 
ANS 34 400 No. 4 27 — 90 | 
400 35 400 No. 4 1 1/2 ie ty | 
400 39 200 No. 4 2 days. = 55 
| 400 44 300 No. 4 30 hours. oe 50 
400 46 000 No. 2 1 1/2 days. - 5 
400 50 500 No. 4 27 hours. 50 
40 50 500 NOt sl oe 55 
200 47 000 No. 3 1464 — 40 
2410 47 600 No. 3 24 — 65 
345 46 000 No. 4 44 1/2 ant ra 65 
405 50 000 No. 4 41/2 days. Sie 50 
400 39 200 No. 4 2 days. Ree 55 
455 52 000 No. 3 23/4 days. a 95 
46 700 No. 3 81/2 days. Be: 50 
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TABLE V1. 


Effect on flange steel of solutions of salts other than sodium hydroxyde. 


Stress, 


Gage pressure, 


Concentration Time. 
Salt used. F : Ib. per Container. : Ib. per 
eS per litre. square inch. Saar a Noi break: square inch. 
None. Distilled water. 48 600 No. 1 28 days. 50 | 
NaeCOa 500 50 000 No. 3 340 — 70 ; 
Na, SO, 500 45 000 No. 4 30 — 70 
TasBLe VII. 


Effect on flange steel of previous heat treatment, chemical action and pressure 


Solution, Stress, Time. Gage pressure, 
g. NaOH lb. per Container. ; lb. per Treatment. 
per litre. squure inch. Break. No break. square inch. 
400 39 200 No. 4 2 days. 55 No treatment. 
400 50 000 No. 2 2 days. 55 Annealed 1050° C. 
418 50 000 No. 2 20 hours. 55 No treatment. 
Dilute HCl 20 mi- 
4OT 50 000 No. 2 20 hours. 45 nutes. 
Lower half PtCl 
407 50 000 No. 2 17 hours. 55 solution. 
400 50 000 No. 2 36 hours. daz 55 All PtCl solution. 
404 50 000 No. 4 16 days. 0 (4) : 
400 46 000 No. 2 1 4/2 days. 45 
890 50 000 No. 2 2 days. 200 
(1) Open to air. 
higher stress than would be required for Manganese........ 0.017 to 0.450 %, 
the original unworked metal. Phosphorus2s — aes oer 0 003 to 0.012 %, 
The change of chemical composition Sulfur ........., 0.007 to 0.027 %, 


of the metal within the limits set for 
flange steel has very little effect on the 
rate of embrittlement. Thus, steels of 
the following general composition show 
no variation in behavior in respect to 
embrittling action. 


Carbon . . 0.023 to 0.300 %/, 


The introduction of 3.5 % nickel with 
the carbon either 0.115 or 0.3 % has no 
effect other than raising the yield point 
and consequently the initial stress neces- 
sary to start embrittlement. A combi- 
nation of 1.5 % nickel with 0.25 % 
molybdenum behaves the same as nickel. 
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TABLE VIII. 


Effect of cold work. 


SSS L——eEeEeESaE— 


St duri Time. P 
Specimen Stress before oss. : Sas Gaperpressae) 
tested. testing. Ib. per Coutalues sO per 
square inch. Break. No break. square inch. 
ee ee 
F.S ote 39 200 No. 4 2 days. 50 
F.S. |-55 000 lb. per sq. 
Thee Dae nae ae 25 000 No. 2 22 days (‘) | 50 
FS Cold worked 20 °/, 
elongation cou- 
hued en ae 25 000 No. 1 ane 27 days. 55 
Bass 45 000 No. 4 12 hours. aa? 60 _ 
Cc. R. 25 000 No. 2 24 days. 85 
cake 38 000 No. 2 ant 24 days. 85 
G. R. 45 000 No. 2 17 1/2 days. 80 
Cc. R. 55 000 No. 2 28 hours. 85 
: | 
Chek as 38 000 No. 2 36 hours, | 85 
| 
(1) Tested for tensile strength after 22 days in solution. Tensile strength 69 200 lb. per square inch.; reduction 
of area 52 °/, 


TABLE IX. 


Effect of chemical composition. 


Specimen Solution, Stress, Time. Gage pressure.| Yield point, 
acta. g. NaOH lh, per Container. : 1b. per lb. pee 

per litre square inch. Break. No break. square inch. | square inch. 
Armco. 409 40 200 No. 2 Bs 14 days. 15 40 600 
Armco ~ 400 45 000 No. 2 21 hours. 70 40 600 
M. I. 405 85 000 No. 2 23 hours. 50 30 000 
Bee 418 50 000 No.2 | 20 hours. 60 35 200 
An 409 55 000 No. 2 3 4/2 hours. 50 49 000 
14412 400 40 000 No. 2 15 hours. Se 80 49 000 
1112 427 35 000 No. 4 20 days. 80 49 000 
1142 427 25 000 No. 4 a 25 days. 85 49 000 
2342 875 48 000 No. 2 29 hours. 80 40 000 
2312 450 43 800 No. 4 8 1/2 days. 85 40 000 
2242 385 45 000 No, 2 20 hours. 65 36 800 
2330 375 55 000 No. 4 3 1/2 days. 65 49 000 
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When the sulfur becomes 0.215 % and 
the phosphorus 0.126 %, the rate of 
embrittlement shows a marked accelera- 
tion. 

The embrittled specimens are not cor- 
roded but are covered with a thin, shiny, 
blue-black, coherent coat of magnetic 
oxid of iron. They show no marked 
elongation or reduction of area at the 
break. 


Micro-examination 
of embrittled metals. 


Samples of cracked steel were obtain- 
ed from different instances of this type 
of boiler distress. These when examined 
under the microscope showed that the 
cracks were intercrystallin. The manner 
in which mild steel fails under ordinary 
stress, either static or fatigue, is almost 
invariably trans-crystallin. The fact 
that embrittlement cracks progress be- 
tween the grains indicates that this is 
not a normal fracture. Furthermore, the 
crack progresses without any marked 
deformation of the grain, another devia- 
tion from the general behavior of mild- 
steel static failures. When examined 
under higher magnification, the crack is 
observed to pass between the smaller 
grains of pearlite which make up the 
carbon areas. 

The specimens embrittled in the labo- 
ratory have been examined and found-to 
have a large number of cracks progressing 
into the strained portion and all of these 
are intercrystallin without any marked 
deformation of the grain. 


Inhibition of embrittlement. 


Since embrittlement is the result of the 
combined action of chemicals and stress 
on the metal, it appears possible to stop 
it by at least one or two methods. The 
stress may be reduced to a point where 
embrittlement will not occur. This might 
be possible if the actual concentrated 
stresses such as at rivet heads, around 


rivet holes, etc., could be calculated and 
the boiler constructed so as to keep these 
stresses low enough. Even this could 
not be an absolute prevention since 
some unknown localized stresses might 
still exist and meet the embrittlement’ 
conditions. ae 

The removal of the cause of the che- 
mical action, in the absence of which 
embrittlement would not occur, would be 
the best procedure; but even this is diffi- 
cult in some cases by the fact that a 
change of water is not always possible. 
A close approach could be made by neu- 
tralizing the alkalinity with some che- 
mical, but complete neutralization would 
be impossible without endangering the 
boiler. 

When it is noticed that embrittlement 
never has occurred even in carbonate 
waters when the sulfate content is high, 
the question is raised as to whether or 
not the existence of a definite ratio be- 
tween the sodium sulfate and the sodium 
hydroxide is sufficient in itself to pre- 
vent this cracking. 

The effect of a sulfate-carbonate ratio 
in plant operation has been studied in 
one plant for a period of ten years. This 
plant, the University of Illinois power 
plant, had been experiencing embrittle- 
ment troubles for some time and when 
in 1915 three new drums had to be 
replaced after only five years of service 
the following system of water treatment 
was inaugurated: The sulfate-carbon- 
ate ratio of the feed water is maintained 
at two. This is done by neutralizing 
about seventy % of the alkalinity with 
sulfuric acid. The water is treated in 
two 40 000-gallon settling tanks. About 
110 lb. of lime is added to each tank and 
after sufficient agitation and settling, the 
required amount of acid. Analyses of 
each tank are made daily after lime 
treatment, and again after the acid is 
added, to determine total alkalinity. 
Daily analyses are also made of the 
water in each boiler for causticity and 
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total alkalinity. After ten years of ope- 
ralion on this treatment the boilers were 
given a thorough inspection during 
February, 1926. 
ved and a close inspection made for 
signs of leaking or cracks around the 
rivet holes. At that time the boiler in- 
spector from the Hartford Steam Boiler 
Inspection and Insurance Co. pronoun- 
ced the drums to be in perfect condition. 
The rivets were redriven and the boilers 
are back in operation. 

A power plant in Champaign had 
boilers go into service in 1916 using the 
same type of water as the University of 
Illinois but without the acid treatment, 
and in 1925 considerable trouble was 
experienced due to embrittlement. Figure 
8 shows one of the condemned drums 
from this plant. These two plants oper- 
ating for nine and ten years, within 
20 Ib. of the same steam pressure, and 
upon precisely the same type of water, 
one sulfate-treated and the other not, 


-. serve as a long-time experiment with re- 


sults that are strictly in accord with the 
laboratory indications. The boilers using 
the treated water are in excellent condi- 
tion while the others have been condem- 
ned after only nine years of service. 


Cause of embrittlement 
in steam boilers. 


It has already been shown that the 
production of intercrystallin cracks in 
mild steel can be brought about only by 
the combined action of stress and proper 
chemical attack. The limits set for each 
apply only to the conditions of the labo- 
ratory tests and the time of the tests. 
There is a possibility of a slower action 
taking place over a period longer than 
has been tested for, which may lower 
the stress or the concentration of solu- 
tion necessary to some degree. Another 
point to be considered is that the em- 
brittlement tests were run with the 
metal surrounded by a solution, while 
in boilers the solution is penetrating 


Test rivets were remo- 


between the plates in a thin film and 
the limits of concentration of solution 
necessary to produce embrittlement may 
be altogether different. It is possible to 
conceive of the stress passing the yield 
point and the solution reaching the high 
concentrations used in the tests when 
one considers that embrittlement only 
occurs in the riveted areas which are 
under tension. 

Probably in ail boiler plates the 
stresses at the edge of rivet holes occa- 
sionally reach the yield point of the 
metal. It should be remembered that the 
mathematical theory of elasticity indi- 
cates that the localized stresses at the 
edge of a hole in a plate may be nearly 
three times the average stress in the 
plate. This stress concentration at the 
edge of holes, such as rivet holes, would 
in itself be sufficient to account for 
stresses almost high enough to start em- 
brittlement should a solution of proper 
concentration penetrate” to the rivet 
holes. In addition it should be noted 
that during the fabrication of the boiler 
the seams are put together by riveting. 
The riveting is done hot and, granting 
only sufficient riveting pressure is used 
to maintain tight seams, very high loca- 
lized stress occurs under the rivet heads 
and around the rivet holes. When the 
appearance of the plates and straps is 
observed after they have been removed 
from a boiler which has been in service 
and the rings around the holes where 
the straps and plates have been held 
together by the rivets are seen, there 
remains little doubt that the metal has 
been stressed beyond the yield point. 
When this stress is combined with the 
stress incident to operation of the boiler, 
additional local stresses develop which 
may still more favor embrittlement. The 
sharp angle which the rivet head makes 
with the shank combined with the stress 
forcing the rivet heads apart undoubt- 
edly produces sufficient stress at this 
point to allow embrittlement to start. 
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It is not uncommon to have rivet heads 
drop off embrittled boilers long before 
the plates are embrittled sufficiently to 
detect cracks. The stresses in plates 
caused by riveting were studied by 
R. Bauman, who showed that the plates 
are stressed locally to values exceeding 
the yield point even when low riveting 
pressures were used. H. F. Moore in his 
address before the American Society for 
Steel Treating in September, 1925, stated 
that there was no doubt of the existence 
of localized stresses which exceeded the 
yield point of the metal around the rivet 
holes in riveted sections. 

This concentration of stresses exists 
in all boilers to a greater or smaller 
degree, vet in the absence of the proper 
chemical in the boiler water no embrit- 
tlement results. If the proper chemical, 
sodium hydroxide in the absence of 
much sulfates or carbonates, exists 
in the boiler water there is a pos- 
sibility that sooner or later that boiler 
will become embrittled. The concentra- 
tion of sodium hydroxide in the boiler 
seldom surpassed 17 000 parts per million 
or about 1000 grains a gallon. Labora- 
tory tests show that solutions of this 
concentration are not detrimental to the 
steel. There is a possibility that the 
actual concentration of caustic soda in 
the vicinity of the seam does sometimes 
reach a value much above this but still 
far below 400000 parts per million or 
about 23000 grains per gallon. It is 
known that sodium hydroxide even of 
such a low concentration as met with 
in boiler operation cannot readily be 
kept under pressure in containers with 
screw connections. Solutions of other 
salts can be retained, but with caustic 
soda leaks tend to develop. The pre- 
sence of caustic soda under pressure in 
the boiler tends to produce a seepage of 
the solution into the seam between the 
metal surfaces. As the solution pene- 
trates between the plates there is a ten- 
dency for concentration due to the 


steam being released back to the boiler 
or escaping to the outside. As the con- 
centration progresses, the penetration of 
the solution further into the seam con- 
tinues. With time, the concentration be- 
comes sufficient to start embrittlement 
and if localized stresses are sufficient at 
the point of concentration embrittlement 
starts. Often this concentration is reach- 
ed -and embrittlement does not progress, 
apparently due to lack of sufficient 
strains and the penetration progresses 
until a free leak develops. On examina- 
tion, no presence of embrittlement can 
be found. At other times embrittlement 
develops, the plates are weakened and a 
leak develops which indicates trouble. 
When the plates are removed from the 
seams of embrittled boilers soluble salts 
are found between the plates. This alone 
would indicate that there must have been 
considerable concentration in the seanis. 
Another evidence of chemical attack in 
the seams is the presence of finely 
divided black magnetic oxide deposited 
on the surface of the plates. 

The fact that the two main factors for 
embrittlement must occur simultane- 
ously makes it possible for some boilers 
to operate under conditions which might 
point toward - embrittlement without 
developing any distress. The fact that 
no distress (apparent by general inspec- 
tion) has occurred is no sign that the 
boiler is free from danger. 

The real cause of embrittlement in 
steam boilers can be summarized, there- 
fore, as concentration of caustic soda 
in the seams in the absence of much sul- 
fate or carbonate together with the ex- 
istence of localized stresses in the 
seams. 

The results of the experimental work 
on the prevention or inhibition of em- 
brittlement indicate that it can be stop- 
ped, but at present these experiments are 
not complete enough to cite final ratios 
and concentrations of the chemicals in- 
volved. The data collected from plant 


pA. 
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operation point out that the maintaining 
of certain ratios of the chemicals will 
prevent this trouble. 

The removal of stresses is not to be 
considered in a commercial installation, 
and if it were possible it would not be 
applied to the many plants already in 
operation. The practice of inside caulk- 
ing in drums will, if it can entirely pre- 
vent seepage into the seams, tend to re- 
tard the occurrence of this type of dis- 
tress. 

The removal of the source of the so- 
dium hydroxide by changing the supply 
water would be the most effective of any 
method, but in some instances this is not 
possible and in others would lead to the 
use of waters which produce other 
boiler complications. 

The removal of a large percentage of 
the sodium carbonate with the building 
up of a sodium-sulfate sodium-carbonate 
ratio either by the use of sulfuric acid, 
_ aluminum or magnesium sulfate all have 
' their disadvantages. The acid treat- 
ment is not to be recommended unless 
installed under the advice and supervi- 
sion of an expert in such matters and 
operated under supervision of a chemist 
or an engineer who understands all the 
possibilities of its danger. The alumi- 
num and magnesium-sulfate treatment is 
very effective when used in connection 
with settling tanks and filters which re- 
move the possibility of scale-forming in- 
gredients-in the boiler. These two chem- 
icals are as dangerous, if used in excess, 
as is the use of acid and should be in- 
stalled only after a thorough checking 
of the necessary amounts by a chemist 
who understands the reactions involved. 

One point of particular interest is the 
fact that undecomposed sodium carbo- 
nate acts as an inhibitant. Thus if a 
’ plant should operate with a high percent- 
age of make-up high in carbonates, the 
amount: of hydroxide formed may be 
lower since the introduction of fresh 


carbonates would tend to keep the car- 
bonate-hydroxide ratio high and may in 
turn inhibit embrittlement. Cases have 
been cited where the sodium-sulfate to 
sodium-carbonate ratio has been ex- 
ceedingly low without any indications 
of embrittlement and the neutral effect 
of sodium carbonate is the obvious ex- 
planation. 

The Bloomington plant is now oper- 
ating on a sulfate water treated with 
lime and soda ash and illustrates the 
high sodium sulfate due to the reaction 
of calcium sulfate and sodium carbonate 
during the softening. The Chicago sta- 
tion and the University of Illinois are 
carbonate waters treated with sulfuric 
acid. The ratio of sodium sulfate to 
sodium carbonate is about 2 in both 
cases. The Chicago station working with 
a lower make-up and a higher steam 
pressure has a lower amount of remain- 
ing sodium carbonate than the Univer- 
sity of Illinois water. Assuming that 
sodium carbonate is also an inhibitant 
the ratio from actual boiler analysis 
should be sodium sulfate plus sodium 
carbonate to sodium hydroxide. When 
this is the condition, the lower pressure 
plant with higher make-up is apparently 
more protected and could in turn work 
with a lower sodium-sulfate to sodium- 
carbonate ratio. The ratio of sodium 
sulfate to sodium carbonate will be mis- 
leading in a few isolated cases. The IIli- 
nois Central Railroad locomotives oper- 
ating locally in Champaign on alkaline 
water illustrates this since the sulfate- 
carbonate ratio is shown to be as low as 
(0.63 but the sodium-sulfate plus sodium- 
carbonate to sodium-hydroxide ratio is 
over two which is much safer and 
apparently sufficient to stop embrittle- 
ment. These illustrations will serve to 
show that each plant must be consider- 
ed by itself in order to set any prescrip- 
tion for feed-water treatment in order to 
inhibit embrittlement. 


Floodlighting brightens classification yards, (') 
By Gsorce T. JOHNSON, 


ASSISTANT ELECTRICAL ENGINEER, NEW YORK NEW HAVEN & HARTFORD RAILROAD, 


Figs. 1 to 7, pp. 340 to 344. 


(Railway Review. ) 


The lighting of railway classification 
yards is a problem of space lighting, the 
length of yards varying from 3 200 to 
6 500 feet, the width from 400 to 650 feet, 
and the distance from the hump to the 
last switch on the ladder, from 1 300 to 
1 800 feet in our modern yards, — all de- 
pending upon the capacity of the yard. 
Ten tracks generally diverge from each 


ladder track. The space between the | 


ladder tracks is used for the speeder cars 
which casry the hump riders back to the 
hump after cars have been brought to 
rest in the classification yard. in the 
case of a yard where car retarders are 
used, this space could be utilized for pole 
lines carrying a lighting distribution 
system. 

No work other than the classification 
of cars is performed in the modern clas- 
sification yard, the air testing and in- 
spection being performed in the depar- 
ture yard, and consequently there is no 
necessity for local or intense illumina- 
tion. 

The ladder tracks of classification 
yards are seldom built on curves; in fact, 
in yards where retarders are used, the 
curvature is limited to six degrees. 
Therefore the problem of curved track 
lighting need not be considered. 

There are two adjuncts’to a modern 
classification yard; namely, the receiv- 


ing yard and the departure yard. No 
illumination is ordinarily required in 
these other than that which is necessary 
for police protection or in cases where 
short trains are pushed into the receiving 
yard on the same tracks or diverging 
tracks, for the storage of previous trains. 
In some instances, however, where re- 
ceiving yards are built with considerable 
curvature, there is an advantage in pro- 
viding sufficient illumination to enable 
engine drivers to observe their respec- 
tive courses. 

The tracks connecting the classifica- 
tion and departure yards, covering a 
distance varying from 400 to 700 feet, 
require local illumination. The most 
effective means of providing this illumi- 
nation is by the angular type of reflec- 
tor, with the beam of light directed in 
such a manner as not tto affect the vision 
of the engine driver who is required to 
cover these tracks and who is frequently 
unable to obtain the benefit of the loco- 
motive headlight because of the curva- 
ture of tracks and on account of switch- 
es. With tthe angular reflectors giving 
a wide beam, the proper spacing is about 
100 feet for 300-watt lamps at an eleva- 
tion of 22 feet above the tracks. A similar 
type of lighting should be installed at the 
hump for the benefit of the car riders. © 
The departure yard, as stated above, re- 


(4) Abstract of a paper presented before the New York regional meeting of the American Institute of 


Electrical Engineers, 12 November 1926. 
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quires very little illumination other than 
that necessary for police protection. The 
inspectors are required to work under 
ears and between long lines of cars on 
adjacent tracks and therefore tthey carry 
lanterns. Moreover, it would be imprac- 
tical and expensive to attempt to provide 
illumination for their benefit, and it 
would be impossible to show any finan- 
cial saving or reduction of personal in- 
jury hazard. 


General principles of lighting. 


Good illumination requires an even 
distribution of light without glare. In 
order to obtain this condition, lamps 
must be so spaced and so placed that 
ithere is no interference with one’s vi- 
sion. As space is valuable in a railroad 
yard, and as the expense of installing 
and maintaining such an installation is 
extremely heavy, we have been com- 
pelled to seek some other solution of the 
problem. The method commonly used 
is the installation of towers 75 to 120 feet 
above the base of the rail, with a number 
of projectors equipped with 750-watt or 
1 000-watt lamps mounted on a platform 
at the top of the tower. The protective 
apparatus and:switches are installed at 
the base of the tower in order to avoid 
all unnecessary maintenance labor. Prac- 
tically the only necessity for climbing 
the towers is to change lamps and clean 
lenses and reflectors, which it is rarely 
necessary to do more often than every 
three months in winter and less fre- 
quently in summer. It is advisable to 
place control of the lighting in charge of 
the hump tower operator. This may be 
accomplished by installing a small start 
and stop button in a selected position, 
the manipulation of which energizes and 
de-energizes a contactor installed at the 
lighting tower. Another method is to 
install time switches at the base of itow- 
ers which will automatically turn the 
lamps on and off at a predetermined 
time. The first method of control en- 


ables the tower operator to practice eco- 
nomy in current consumption during 
slack hours and yet furnishes sufficient 
light for police purposes, Tower light- 
ing permits adjusting the position of the 
towers with the result that if space is 
not available for an ideal jocation, a 
change of 100 feet or even 200 feet does 
not materially decrease the efficiency of 
the installation. There is a possibility 
(although rarely available in classifica- 
tion yards) of taking advantage of high 
structures such as coal pockets and 
bridges for mounting projectors. 

Classification yard lighting may be 
divided into three general classes or 
types, each requiring a different solu- 
tion, as follows: 


1. Yards employing hump riders and 
having hand-operated switches; 

2. Yards employing hump riders and 
equipped with automatic switches; 

3. Yards equipped with automatic 
switches and car retarders. 


Lighting for yards 
in which hand switches and hump 
riders are employed. 


With the first type of yard, extreme 
care must be exercised to prevent inter- 
ference with the switchman’s vision on 
account of glare, as this is likely to be 
the cause of personal injury or accidents 
to the equipment. If space is available, 
two towers may be installed one on each 
side of the hump and 300 feet apart. If 
Jack of space at the hump makes this im- 
practicable, a so-called « modified distri- 
bution system >» is advisable and the tow- 
ers may be installed on tthe outer edges 
of the classification yard in conjunction 
with 300-watt angular reflectors mount- 
ed on poles in the space occupied by 
speeder tracks which provide illumina- 
tion in tthe area between the hump and 
the point where the tower lighting be- 
comes effective. In very narrow yards 
it may be found desirable to install 
500-watt projectors with a 250-foot spac- 
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The Cedar Hill yard of the New Haven as it looks when lighted at night. 


Fig. 3. - 


ing and an elevation of from 35 to 40 feet 
above the tracks, the necessary pole line 
being installed in the speeder car space. 
This latter method does not permit ex- 
pansion and involves high maintenance 
costs as well as interference with the 
operators’ vision by the poles; therefore 
it should not be installed. The cost of 


- installing two towers at the hump 


amounts to approximately $7000, and 
involves a low maintenance cost, whereas 
ithe « modified distribution system > costs 
at least $8 000 to install and results in a 
high maintenance cost, 


Yards having automatic switches 
and employing hump riders. 


With the second type of yard it is not 
necessary tto consider the glare as there 
are no men in the yard and the current 
of traffic is in the direction of the light 
beam. One or two towers may be in- 
stalled in the same relative position as 
in the first type of yard, or, if space is 
not available at that point, they may be 
installed close to the hump. The cost 
of these towers will be approximately 
$7000. For a 3 200-foot. yard no other 


: lighting is required for the classification 


yard, an unobstructed view being ob- 
tained both from the hump and by tthe 
car riders. The power required for a 
40-track yard is approximately 16 kw. 
The installation and maintenance cost is 
low. The maximum illumination is at 
the switches, and the hump rider is en- 
abled to detect track conditions clearly; 
moreover, in distant parts of the yard 
sufficient illumination is provided to 
permit the observation of low built cars 
in time to avoid collision with them. 
Where yards are of extreme length it 
will be necessary ito place at least two 


‘towers approximately 2000 to 3 000 feet 


from the hump-in the yard, or where 
space is not available for this, the towers 
may be installed on the outer edges of 
the yard at the same distance from the 
hump. The wattage requirements for a 
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Fig. 6. — Two 70-foot towers, each equipped with eight 1000-watt projectors 
and located close to the hump used for lighting the 3 200-foot Cedar Hill, Conn., yard of 
the New York New Haven and Hartford. 


Fig. 7. — Yard equipped with car retarders showing relative position 
of operating towers and floodtight tower. 
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3 200-foot yard are from 12 to 16 kw. and 
decrease proportionately as the yard de- 
creases in length. The increase in in- 
stallation cost for a 6 000-foot yard over 
a 3 200-foot yard will amount to approxi- 
mately $12 000, making a total installa- 
tion cost of about $19 000, with a main- 
tenance increase of slightly over 100 %. 
There is some possibility that at some 
time in the future, lamps of higher 
wattage may be used in the 5 000- and 
6 000-foot yards, with a resultant reduc- 
tion in the number of towers required 
and a decrease in the installation and 
maintenance costs, but in considering 
any such proposition the possibility of 
interference with the vision of adjacent 
interests must be taken into account. 


Yards in which car retarders are used. 


The third type of yard is similar to the 
first, but the personal injury hazard is 
eliminated as no hump riders or switch- 
men are required in the yard. 

The retarder operators are located in 
secondary towers situated adjacent to 
the groups of retarders which they con- 
trol. These towers are in the area of the 
ladder switches and are at an elevation 
above the tracks which permits an un- 
obstructed view of the yard. Up to the 
present time no economical solution of 
this problem has been worked out. If 
lighting as recommended for the second 
‘type of yard is installed, the glare inter- 
feres with the vision of the operators, 
In this connection it is possible that a 
visor effect may be obtained by painting 
the upper part of the tower windows, 
thereby shutting off from the operators’ 
vision the direct beam of the lights. 

The position of retarders with respect 
to the operator is frequently such that it 
is difficult for the operator tto observe 
the exact position of moving cars and 
of retarders at night on account of shad- 
ows. A possible solution of this prob- 
lem may be found in « marker lights » 
so placed that they will indicate when 


the braking effect on cars is to be ap- 
plied to the retarders. This solution of 
the problem would be very economical. 

Any system of local illumination cover- 
ing retarder areas would be expensive 
and would cause interference with track 
clearness, which must be avoided. 

With the increased experience of re- 
tarder operators there will be no neces- 
sity for illumination greater than that 
provided in yards using hump riders and 
automatic switches, since each operator 
will know the loading condition of his 
tracks and will be governed accordingly. 
The same problem presents itself in lift- 
bridge operation, where actual practice 
has demonstrated that the experienced 
operator knows the position of his bridge 
at night and does not watch tthe indica- 
tion lights, but prefers a marker light so 
placed that it will not be necessary for 
him ito direct his attention in another 
direction. 


Advantages of yard lighting. 


The committee on illumination of the 
Association of Railway Electrical Engin- 
eers in November, 1923, reported the fol- 
lowing advantages of yard ‘lighting : 

1. Speeding up of cars handled in the 
yard at night; 

2. Reduction in cars damaged by rough 
handling and collision in the classifica- 
tion yard with consequent reduction in 
claims, delay in delivery of goods, loss of 
service of damaged cars, etc.; 

3. Reduction in losses due to pilfering 
on account of more effective policing 
possible with a well illuminated yard; 

4. Improved working conditions and 
increased safety for employees working 
in the yard. 


The studies and investigations of the 
committee on illumination in conjunc- 
tion with the lamp and projector engin- 
eers, although not as yet completed or 
published, have already resulted in more 
efficient units and more economical in- 
stallations. The problem of lenses de- 
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teriorating with age, with resultant de- 
crease of efficiency, has been practically 
solved. Curves and engineering data are 
now available which makes it possible 
to plan installations with confidence that 
the results anticipated will be achieved. 
The problems of space lighting may be 
solved in various ways on account of 
local conditions, but the fundamental 
principles are the same in all instances. 

Floodlighting is not a « cure-all », but 
the results are satisfactory to the operat- 
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ing people and provide for them the 
operating conditions which they have 
been seeking. 

No mention has been made in this dis- 
cussion of silhouette effect, since it is 
considered that while theoretically this 
feature may have some value, at the pres- 
ent time the effect on tthe vision due to 
glare more than offsets the benefits. 

Further studies will be necessary be- 
fore this type of installation can be re- 
commended. 


Effect of electrification on the budget and on the balance sheet 
of the Swiss Federal Railways for 1927. 


Although electric traction has already made considerable progress, it is often very 


difficult to evaluate the economic side of the question. 
accurate information on lines already in service. 


This fact is due to the lack of 
It will be also understood that it is 


~~ as a rule difficult to make a comparison where steam and electric traction exist side 


by side. 


We therefore believe that it may be of interest to give our readers the following 
note which is attached by the General Management of the Federal Railways to the 


balance sheet for 1927. 


The working budget and the balance sheet for 1927 compared with what they 
would have been if none of the Federal Railway system had been electrified 


and that only steam power were used. 


From the remarks which precede tthe 
building programme for 1927, it will be 
seen that by the end of the said year elec- 
tric traction will be installed over 
1 460 km. (907 miles) including the Seetal 
Railway, or in other words, on about half 
of the Federal Railway system; but the 
length of line operated by electric trac- 
tion will not be more, as an average over 
the year, than about 1 150 km. (714 miles), 
representing 40 % of ithe system. As the 
electrified lines and those which have 
still to be electrified include those por- 
tions of line on which traffic is the 
‘ heaviest, electric locomotives will haul, 


in 1927, 65 %, in round figures, of the 
total gross ton-kilometres. The very con- 
siderable development of electric trac- 
tion on our system has naturally suggest- 
ed the idea of estimating what operating 
costs would be in 1927 if steam traction 
were still in use over the whole of the 
system. 

In tables I to IV which follow, we shall 
compare the figures for 1927 for the two 
methods of traction; we shall then com- 
ment on the differences which appear 
and, finally, we shall summarise, in the 
form of conclusions, the facts which have 
become evident. 


(see p. 66 were in use over were in use over 
of the accounts).° the whole system. the whole system. Remarks. 
, Francs. Francs. Francs. 
I. General administration . °. 7 853 140 7 853 140 
II. Upkeep and inspection of the permanent 
way. 37 455 800 37 719 800 + 264 000 1 
III. Traffic Department costs 102 527 000 104 207000 + 4 680 000 ie 
IV. Motive power and workshop satiere 99 385 380 445 506080 + 416420 700 3 
V. General expenses . ‘ 27 804 950 29016950 + 4 245 000 4 
Total J to V. 275 023 270 294 302 970 =—© +. 19 279 700 
VI. Expenditure and receipts not classified 
at the time of closing the accounts. —4 026 600 —4 026 600 ; 5 
Nett working expenses. 270 996 670 290 276 370 = 19 279 700 
Remarks. 
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Working expenses. 


Figures for 1927 


Figures for 1927 


if steam traction 


Increase or decrease 


in costs if steam 
traction. 


Upkeep and inspection of the permanent way 
(see pages 56 to 59 of the budget.) 


]. — From the investigation which has been 
made by our permanent way engineer, it is 
found that the upkeep of the permanent way, 
excluding conductor lines, costs almost 350 fr. 
less per kilometre for electric traction than for 
steam traction. It should, it is true, be taken 
into account that electric traction produces a 
greater amount of wear on the outer rail on 
sharp curves and that, generally speaking, very 
much greater stresses are imposed on the track 
on account of the greater weight of the locomo- 
tives; but this disadvantage, which moreover 
would have soon arisen with steam locomotives 
in view of their ever increasing weight, is much 
less important than the advantages, among which 
may be mentioned the much longer life of the 
lining of tunnels, the very great increase in the 
amount of work performed by gangs of men 
working in tunnels, the reduction in the mainte- 
nance work and the longer life of roofs, bridges 
buildings, ete. In 1927, these advantages from 
electric traction could not produce their full 
effect, and we have considered that the economies 
realised this year in permanent way upkeep will 
not exceed two-thirds of 350 fr. per kilometre. 
If only steam traction were employed, the 
expenses of upkeep and renewals (Schedule II. 
C. 1 and 2) would therefore be 264000 fr. 
greater than that shown in the statistics. 


Train working 
(see pages 60 and 64 of the budget.) 

2. —In comparing the statistics dealing with 
traffic and the output of the staff at the time 
when only steam traction was employed with the 
present day conditions, and taking into account 
the fact that the eight-hour day was introduced 
a few years ago, it will be noted that the 
estimated cost in the accounts for 1927 for train 
staff would have been at least 1 680 000 fr. more 
if only steam traction were employed. In 1924, 
although electrification was far less extended 
than it now is [8 400000 train-kilometres 
(5 280 000 train- miles) worked electrically 
in 1924 against 19 000 000 (11 800 000 train- 
miles) in 1927] the traffic department in this 
case estimated the difference as 970 000 fr. 


Motive Power Department and workshop 
expenses 
(see pages 62 to 65 of the budget). 


3. — If only steam traction were employed, 
motive power and workshop expenses would 
have been 16 120700 fr. higher. This total is 
made up as follows : 

a) Schedules IV. A. 2 and IV A. 3: Cost of 
motive power department staff and for staff 
employed in coaling and providing feed water 
and for cleaning rolling stock : 

sg: + fr. 10 425 000 


Sas hip 


- rom the statistics. dealing with traffic and 
the output of the staff, it will be seen that, if 
one takes into account the introduction of the 
eight-hour day, the estimated costs under the 

' schedules i in question for 1927 would be about 

10 425 000 fr. higher, in the case of steam 
traction being exclusively used under the same 
conditions as obtained when electrification 
was introduced. This difference is explained 
by the fact that the electric locomotives are 
much more powerful than the steam locomo- 
tives. They.haul’trains about 40°/, heavier 
and run at a higher speed.. The footplate staff 
can therefore. work on the average a consider- 
ably larger number of locomotive-kilometres 
and operate a greater gross tonnage ‘than was 
the. case with the older system of traction. 

In this, amount of 10 425 000 fr. are also 
included 2.000 000 fr. representing the cost 
which would be incurred by the motive power 
department. in handling locomotive coal if all 
the trains were run by steam power. 


b) Schedule IV. C. 1 : Cost of fuel: 
-+- fr. 17100000 


For the number of ton-kilometres represent- 
ing the traffic on which the 1927 accounts are 
based, the coal consumption for steam traction 
exclusively would be about 450000 t. more. 
As a ton of coal delivered at the frontier costs 
about 38 fr., the increased expense would be 


17 100 000 Fr! 


¢) Schedule IV. C. 2 : Cost of. electrical 
enérpy, . . . . . . >= fr 15106000 


If there were no electric traction, it goes 
without saying there would be a saving of the 
cost of électricat energy for working the 
trains. In this cost 1s included 12 928 300 fr. 
which appear-in the accounts for the gross 
output of the power stations (see remark 6). 
There only remains under schedule IV. C. 2 
about 50000 fr., representing the cost of 
energy necessary to charge the batteries of 
accumulator locomotives, which costs are 
independent of electrification. 


d) Schedule 1V. C. 8: Cost of lubricants : 
+ fr. 119 000 


If only steam traction were-used, the cost 


, of lubricants would be higher for.two reasons, 

in the first place, because . according ito 
statistics obtained in 1925, the consumption 
of lubricant per locomotive - kilometre. is 
about 50 °/, greater for steam traction than 
.for electric traction, and moreover because 
for the same traffic in gross ton-kilometres a 
considerably less number of locomotive-kilo- 
metres are necessary in the case of electric 
traction. 


e) Schedule IV. C. 5 ; Costs of cleaning and 
disinfecting materials, water, sand and 
miscellaneous. . . . . - fr. 593.000 


This figure is determined from the difference 
between present day costs and pre-war costs, 
taking into account the increase in prices. 


f) Schedule IV. A. 4and 1V. D: Switch-boards 
and electric lines. In the case of steam 
traction, there would be no expenses for 
switch-board staff nor for the upkeep and 
renewal of contact lines: — fr. 1576300 


The upkeep: and operation of sub-stations 
and transmission lines are included in the cost 
of electrical energy. 


g) Schedule IV. E : Upkeep and renewal of 
rolling stock. If only steam traction were 
used in 1927, the maintenance costs of 
electric locomotives and rail cars (schedule 
IV. E. 2, 3 and 4) would not appear in the 
accounts; on the other hand the upkeep. of 
steam locomotives (schedule IV. E. 1) and also 
for carriages and wagons (schedule IV. E. 4, 
6, 7, 8 and 9) would be higher, so that there 
would be an increased expenditure of 


+ fr. 4566000 


Increased cost under sche- 


dule IV, total . . . . + ir. 32803000 
Decreased cost under sche- 

dule IV, total . . . . —fr. 16682300 
> Nett increase. . . + fr. 16120700 


Miscellaneous expenses. 


4, — If only steam traction were used, the 
demurrage costs of rolling stock (schedule V, 
A. 2) should be estimated at about 225 000 fr. 
more by reason of the very high demurrage cost 


which had to be paid on foreign coal wagons. 
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Moreover, the contributions to the pensions 
and sinking funds (schedule V. C. 7 a) would 
have to be increased by about 990000 fr., in 
view of the considerably higher cost of traffic, 
locomotive and station staffs. 


In all, the expenses under schedule V would 


have been increased by 1 215000 fr. in 1927, 
if steam traction were used. 


5. — « Expenses and receipts not classified 
at the closure of the accounts » are not affected 
by any modification. 


TABLE If. 


Balance of accounts. 


Increase or decrease 
in costs if steam 
traction 


Figures for 1927 
if steam traction 


Figures for 1927. were in use over wereinuseover emarks. 
the whole system. the whole system. 
Francs. Francs. Francs. 
Total receipts in respect of working 390 664 600 377 736 300 —- — 42928 300 6 
Total.working expenses tide 270 996 670 290 276 370 =—6 + 19 279 700 7 
Nett receipts. 119 667 930 87 459 930 — 32 208 000 
Remarks. 
6. — For steam traction, receipts in respect of working (schedule IV. B. 3) would be, in 1927, 
reduced by the gross output of the power stations, that is to say, 12 928 300 fr. (see remark 3 c). 
7. — This difference is shown in table I. 
TaBLe III. 


Balance sheet. 


Increase or decrease 


we 


OD LS? 


Receipts. 


. Surplus of traffic receipts. 
. Interest from capital employed it in new 


works 


. Interest on loans and deposit. accounts. 
. Profit from ancillary works . 
. Deductions from special accounts 


and 7, together . d 
Total. 


Expenditure. 


. Rental on lines held onlease. . 
. 3 and 4, Interest on consolidated stock, 


current debts, financial expenses, depre- 
ciation of stock, stores, together . 


. Lossesin conducting aneillary works . 
. Sinking fund . i ae ieeae 
. Payments to special funds. 


. 9..and 10. Other expenses and deprecia- 
tion, war-time deficit. : oR 


Total. 


Figures for 1927. 


Francs, 


119 667 930 


2 350 000 
1 025 000 
4 010 

14 667 000 
16 060 


137 730 000 


* 47 000 


112 157 000 
~ 420 400 
46 020 000 
49 7418 100 


4 617 500 
149 680 000 


Figures for 1927 
if steam traction 
were in use over 


the whole system. 


Frances. 


87 459 930 


4 100 000 
4 025 000 


14 517 000 
16 060 


104 417 990 


47 000 


87 430 000 

120 400 
45 450 000 
43 418 100 


4 617 500 
147 783 000 


in costs if steam 
traction 
were in use over 


the whole system. 


Frances, 


— 32 208 000 
— 4 250 000 


— 4 010 
— 150 000 


— 33 612 010 


— 28 027 000 
— 570 000 
— 6 300 000 


-— 31°897 000 


Remarks. 


10 
44 


12 


13 
14 
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Remarks. 


8. — Difference is shown in table II. 


9. — If only steam traction were used, this 
amount would be 1 250000 fr. less, this being 
the sum represented by the interest on money 
for electrical installation. 


10. — If only steam traction were used, the 
gross receipts of the Piotta funicular railway, a 
small sum of 4010 fr. would not enter into the 
account because this ancillary entreprise would 
not have been built, except for electrification. 


11. — If only steam traction were used, the 
« deductions from special accounts » in the 
receipts side of the account of profits and losses 
would be 150000 fr. less, in 1927, by the 
amount corresponding to the renewal of elec- 
trical contact lines. 


12. — If only steam traction were used, the 
expenditure for interest, financial expenses and 
depreciation in stock, would be about 25 027 000 
‘less in 1927. This figure is made up as 
follows : 


The electrical installations, which will be in. 


operation in 1927, and the electrical rolling 
stock represent a capital of about 525 000 000 fr. 
From this sum must be deducted 35 000 000 fr. 
already partly paid (value at the end of 1927) of 
the federal grant of 60000000 fr. for more 
rapid electrification, so that 490000000 fr. 
remain chargeable to the Federal Railways. 
However, without electrification, one would 
have had since 1917, that is to say during the 
course of the last ten years, to have bought new 
steam. locomotives costing a sum which would 
-not have been less than 50 000 000 fr., which 
reduces the debt which the Federal Railways 
have to carry, in 1927, as a result of electrifica- 
tion to 440 000 000 fr. 
Electrification loans which have been issued 
up to the present and which also serve for the 


conversion of loans arriving at maturity, actually 
cost the Federal Railways including all expenses 
(issue, brokerage, etc.), a little less than 5 1/2°/o, 
so that the increased debt of 440 000 000 fr. we 
have already mentioned is equivalent to an 
annual expense of 24200000 fr. This sum 
increased by 1 250 000 fr. for the interest on 
capital employed in electrical equipment, as yet 
unfinished, which expense is dealt with in 
remark 9, is thus raised to 25 450 000 fr. 

If only steam traction were used, it would be 
necessary on the other hand, in 1927, to hold a 
very much larger stock of coal, which would 
have given rise to an increased interest of 
423 000 fr., from which it will be seen that, 
finally, the increase in interest charges due to 
electrification, in 1927, would only be 25 million 
27000 fr. In other words, supposing only 
steam traction were used, the expenditure shown 
in the accounts for 1927 for interest on con- 
solidated stock and current debts, together 
with financial expenses, depreciation of stock, 
stores, etc., which amount to 112 157000 fr 
would only have heen 87 130 000 fr. 


13. — With steam traction, depreciation costs 
would also be 570 000 fr. less in accordance 
with the Federal Railways’ depreciation allow- 
ance. 

14. — The payments to be made to the special 
funds would also have been less if all the trains 
were steam hauled, and this difference, corres- 
ponding to the reserves for the electrical plant, 
would be 6 300 000 fr. 

In 1927, depreciation and payments to the 
reserve funds therefore represent 1.5 °/, of the 
capital expended on the plant necessary for 
electrical operation. In accordance with the 
sinking plan adopted by the Federal Railways, 
this sum:would increase as the interest decreases 
relatively to the amount of the paid annuities. 
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Taste IV. 
Balance of accounts of profits and losses: 


Total receipts . 
Total expenditure . 


Surplus of expenses . met hve, cle gee eae 
Additional costs if only steam traction were used . 


Figures for 1927 ' / Figures 
(see pages 70 and 71 if only steam traction 
of the budget). were used. ~~ |! 
Francs. Frances! : 
137 730 000 104 417 990 
4149 680 000 417 783 000 
44 950.000 13 665 010 
4 715 010. 4 r 
13 665 040 43 665 010 


CONCLUSIONS. 


The accounts for operating the Federal 
Railways for 1927 are therefore, in round 
figures, 1 700 000 fr. more favourable than 
would be the case if only steam locomo- 
tives were employed. This result may 
be considered as satisfactory, especially if 
one considers that a large amount of elec- 
trical installation now worked was con- 
structed during the war at extremely high 
prices and at a time when money was dear, 
relatively to which the price of coal has 
been reduced to a much greater extent. 
Moreover, the adoption of electric traction 
has given our Administration and to the 
whole country, a number of advantages 
which cannot be expressed in these com- 
parative accounts. 


However, to avoid drawing erroneous 
conclusions from these figures, it should 
be pointed out that up to the present elec- 
trification has only been adopted on lines 
carrying heavy traffic, and that the favour- 
able results shown in our comparative 
figures are very largely due to this cir- 
cumstance and also to the federal grant 
which was made in order to relieve un- 
employment. 


Berne, 8 October 1926. 


General Management 


. Ph 
. the Federal State Railways. 


MISCELLANEOUS INFORMATION — 
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1. — Magnetic axle-testing device for « Underground » service. 
Designed to facilitate detection of hair-cracks and other incipient flaws. 


‘Fig. 1, p. 351. 


(Railway Gazette.) 


Flaws in axles are a source of considerable which very stringent precautions have'to be 
danger in railway operation, and one against taken, However careful and frequent inspec- 


tion. may be, there are certain types of defects, they may develop and lead to serious trouble 
suchas hair-cracks, which cannot be readily must always be guarded against. 

detected by the usual methods of examination. To facilitate the detection of hair-cracks in 
Although hair-cracks may not be actually the axles of « Underground » rolling-stock a 
dangerous in the early stage, the exigency that new magnetic axle-testing device has ‘recently 
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been installed at the Acton Overhaul Works. 
It consists of two cast-iron frames and a tie- 
bar upon which the energising coils are placed. 
The axle is mounted on brass rollers, two face 
plates being locked flush with the journal ends. 
Upon energising the coils a closed magnetic 
circuit is formed by way of the tie-bar, the 
side frames, and the axle. Any flaw that is 
otherwise undetectable in the axle at once he- 
comes discovered, owing to its imparting a 
tendency for a magnetic potential difference 
to be set up across the fracture wherever the 
latter cuts the prevailing flux. A mixture of 
fine iron filings and paraffin is poured over 


[ 624 432.5 (.73) ] 


the axle, and the filings adhere to the crack 
and become piled up in a thick black line that 
is easily discernible. 

It is now the practice at Acton Works to 
test all axles for hair-cracks as soon as they 
are sent in for periodical overhaul, and before 
operations such as tyre-turning are carried out 
on the wheels. This obviates any chance of 
an axle with hair-cracks being put back into 
service, only to be scrapped soon afterwards, 
when the cracks have developed sufficiently 
for them to be detected in the course of the 
three-weekly examination to which all axles 
on the « Underground » are subjected. 


2. — The largest passenger locomotive, 


By E. C. POULTNEY, O. B. E. 
Figs. 2 and 3, pp. 353 and 354. 


(From The Engineer.) 


The locomotive which forms the subject of 
this article has been built at the Mt. Clare 
shops of the Baltimore & Ohio Railway from 
the designs of Mr. G. H. Emerson, chief of 
motive power and equipment, and is the largest 
locomotive ever constructed for passenger ser- 
vice, weighing with tender in working order 
no less than 659 000 lb., or 294.2 long tons. 

The Baltimore & Ohio has a particularly dif- 
ficult length of road passing over the Alle- 
gheny Mountains, known as the Cumberland 
Division, extending for 533 miles between Cum- 
berland and Grafton, over which the gradients 
to be faced running in either direction are of 
a very severe character, Travelling from Cum- 
berland, the line rises practically all the way 
to the summit at Altamont, 235 miles from 
the start, the last 80 miles being on rising 
gradients varying from 2.08 to 2.28 %. From 
Altamont to Terra Alta, about 100 miles, the 
line falls by 1 % gradients for 50 miles and 
rises for the remaining distance at rates vary- 
ing from 1 to 0.48 %, after which there comes 
a sharp drop to Rowlesburgh, 397. miles from 
Cumberland, on gradients of 1.5 to 2.2 %. The 
next 22 miles or thereabouts rise at about 


2.01 % and the last 114 miles fall at rates 
which vary from 2 % for 20 miles and 0.9 
to 0.3 % for the remainder of the journey. It 
may be mentioned that the undulating table- 
land extending between Altamont and Terra 
Alta is from 2 700 to 2 550 feet above sea level. 
The maximum gradient is between Terra Alta 
and Rowlesburgh, at about the 345th mile post 
from Cumberland, at which point the line falls , 
at 2.6 %, 137 feet per mile, or 1 in 37.5. For 
some time past heavy passenger trains have 
been operated over this section by Pacific type 
engines double headed, but the locomotive 
illustrated in diagram form in figure 2 
has been designed to handle them unaided. It 
can haul over this section seven car trains hav- 
ing a total weight of 1.093 000 Ib., or 488 long 
tons, which is the maximum load taken with- 
out assistance. Keeping in mind the weight of 
the locomotive, which is 294 tons, as against 
that of the trailing load 488 tons, an idea is 
obtained of the comparative size of the engine 
required when heavy gradients have to be ne- 
gotiated. Of the total locomotive weight, 
400 000 Ib., or 178 tons, comprises the engine 
portion. This is equal to 36.5 % of the train 


= 
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78 Tons 
15,100 Galls 


ES 
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Wt. on drivers 275 000. 


Total weight 259 000. 


Fig. 2. — Profile and weight diagram. 
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weight. The tender alone, with its 36 000 lb. 
or coal and 15 000 gallons of water, turns the 
scale at 259000 lb., or 115.5 tons, which is 
equal to 23.7 % of the train weight. For 
working over gradients of this nature the loco- 
motive forms 37 % of the total moving load, 
or, put in another way, for each ton of weight 
in the cars there is required 0.6 ton of loco- 
motive weight. 

In order to bring out the probable per- 
formance of this locomotive on a gradient 
of 2.2 % the diagram (fig. 3) has been pre- 
pared. It shows the traction and train resist- 
ance curves. The upper curves indicate the 
traction effort available at the rim of the 
drivers at speeds up to 70 miles per hour 
and the next lower shows the available 
pull at the tender draw bar between the 
same speeds. The next gives the resistance of 
the seven car train on the gradient mentioned 
and seems to develop the fact that the highest 
speed obtainable on the gradient is approxi- 
mately 30 miles per hour. The remaining 
curve plotted indicates the balance of tractive 
force available for acceleration up to the point 
where at 30 miles per hour the available effort 
is counteracted by the resistance offered by the 
train, or what Professor A. J. Wood calls the 
« unbalanced » tractive effort curve (1). These 
characteristics show, amongst other things, the 
power required to run the locomotive alone, 
and in this connection it is of interest to note 
that the engine could move itself over this 
profile at about 60 miles per hour. 

In order to bring the size of this locomotive 
into greater prominence the comparative data 
collected together in the tabulated statement 
giving the dimensions and proportions of previ- 
ous. Mountain type locomotives have been 
drawn up. In all, nine different examples are 
given, arranged in order of weight. The new 
Baltimore & Ohio engine easily heads the list, 
being 24000 lb. heavier than the Delaware, 
Lackawanna Western design, which follows it. 
Of this excess weight 16500 lb, are on the 
drivers to take care of the increased tractive 
effort of 13 362 lb. The column showing the 
cylinder horse-power gives this figure computed 


(!) Locomotive Operation, Arthur J. Woon. 


— 354 — 


Comparative particulars of typical — 
4 
. 


en 


Total Adhesive | Diameter Steam | Tractive | — 

RAILWAY. weight. | weight. | drivers. Cylinders. pressure. | force, . 

lb. lb. inches, inches lb. 1b. | 

Baltimore & Ohio ae 400 000 | 274 000 74 30 X 30 220 68 200 | - 
Delaware, Lackawanna & Western 376 000 | 257 500 69 28 x 30 200 54 838 

Great Northern . pee ES 357 000 | 288 000 73 29 X 28 200 54 830 

Atchison, Topeka & Santa Fé. 353 900 | 227 700 69 28 X28 200 54400 | 
United States Railroad Administration . 352 000 | 248 000 69 28 X 30 200 | 58000 
Union Pacific. 345 000 | 230 000 73 29X28 | 200 54 838 
Norfolk & Western . ‘ 344 000 | 236 000 70 29 X 28 200 57 200 
New York Ontario & Western 317 000 | 208 200 69 TX 28 200 50 300 

Southern Railway 314 000 | 214 800 69 27 XK 28 190 47 800 | 
Note. — Tractive force calculated by taking 
by the Cole method and is based on a piston passenger locomotive is principally based. 


speed of 1000 feet per minute. 

In general, the designs call for little com- 
ment, but mention may be made of one or two 
of them. The United States Railroad Adminis- 
tration is interesting, as it is the standard 
design of heavy 4-8-2 engine worked out during 
the period of Government control, and is joint- 
ly the product of the building firms and rail- 
way officers, whilst the Atchison, Topeka & 
Santa Fé engines, when built in 1918, were the 
largest of their type. This locomotive was 
illustrated in The Engineer, 13 June 1919. 

The new Baltimore & Ohio engines, beyond 
their great size and power, follow along the 
lines of conventional locomotive practice in the 
United States, and the general features can be 
noted from the illustration. The full gear 
cut-off is 88 %. A list of the leading dimen- 
sions of this notable locomotive is appended. 
It gives also the estimated powers and the 
boiler and weight ratios. It should be no- 
ticed that the axle weight on the drivers is 
in the neighbourhood of 30 tons. The writer 
is indebted to Mr. G. H. Emerson for the pho- 
tograph and weight diagram and other data, 
on which this article on the world’s largest 


Ne ae at Fear of Tender 
IN AN | 
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. SPEED MILES PER HOUR 


Fig. 3. — Locomotive performance curves. 


General particulars, 


Total weight, engine. ..... 400 000 lb. 
Adhesive weight ........ 275 000 Ib. 
Tender weights... 2 eae eee 259 000 Ib. 


Heating surfaces. 


| Grate Cylinder | Comb. H.S. | Comb. H. 8. | Total weight 


_ Hvaps. | Superh’r. Combined. | pes H. P. Grate area. | Cyl. H.P. | Comb. H.S. 
aaa ee | 

square feet. square feet. Square feet, square feet. 

5 594 1 805 6 896 Soak 3 568 qithers ge: 58.2 

4 974 1 242 6 216 84.0 2 824 78.0 2.20 59 8 

4 974 { 368 6 339 88.0 3 030 72.0 Dele 56.3 

4 792 1 087 5 879 WA 2 824 81.9 2.07 65.5 

4 666 1 085 Ler isiul 76.3 2 824 75.3 2.04 64.2 

4 974 1 242 6 216 84.0 3 030 74.2 2.05 55.4 

3 984 882 4 866 80.3 3 030 60.6 1.64 TS 

3 654 4 010 4 664 66.8 2 624 69.5 18 68.2 

3 668 942 4 610 66.7 2 624 69.2 ibs) 68.2 

the M. E. P. as 85 °/, of the boiler working pressure. 

—————————— eee 
Total engine and tender... .. 659 000 Ib. Reserve gear. ........ Ragonnet « B ». 
Gylindersi(two) sc. 55. - 30 by 30 inches. Stokerst cw tneteis ses cnc? s Duplex. 

NiEEMOS\ oN] 0) ee eae ee ar Piston, 14 inch SION UDC VAN a ew oe Type A. 
diameter. 
Wheels : General data estimated. 
ee Sn eine eae aes eed Rated tractive force, M.E.P., 
a es ea v3 ae : 2 ce boiler pressure... .. 68 200 lb. 
Boiler steam pressure. ..... 220 lb. per sq. in. vt re ieee BORO foot 3568 
Boiler diameter, largest outside. 100 inches. : P Bho ES a gi cae : 
Tubes, number and diameter. . 269—24/4inches. Speed at above power... .. . 44 miles per hour. 
Flues, number and diameter .. 48—51/2 — PeAOS 
Length between tube plates. . . 22 ft.403/4 — é : 
Fire-box, sizeinside ...... 96 -- by 132 1/4 in. Boiler proportions : 
: Rated tractive force + combined heating sur- 
Heating surfaces : face = 9.9. 
A alayses EAs eye Owe eae ree 3 626 square feet. Rated tractive force < diameter of drivers — com- 
GIES ca oy alicoien 00.8 2 50 were 4 582 _ bined heating surface = 73.1. 
Fire-box, including combus- Combined heating surface — grate area = 77.3. 
tion chamber andtubes .. 383 — Fire-lox heating surface X 100 + combined 
: heating surface = 5.56. 
Liver aeons 5 591 feet. ; : 
Total evaporative mek Superheater surface X 100 + combined heating 
Superheater........ aie OOO a — 
== ap eS surface = 18.95. 
Total combined. .......- 6 896 square feet. San 7 
Grateaneanry tenes sab) © 89.17 square feet. og P meee gems ; 
Adhesive weight — rated tractive force = 4.03. 
Special equipment : Adhesive weight < 100 — total weight = 69. 
Walveigear.. +s 2 2 Baker. Total weight — combined heating surface = 58.2. 
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4.— 70-ton hopper cars for the Delaware, Lackawanna & Western Railroad. 


Figs. 4 and 5, p. 359. 


{Railway Age.) 


In order to facilitate the handling of coal 
traffic, the Delaware Lackawanna & Western 
recently retired about 400, 40-ton steel and 
wood coal cars and replaced them with modern 
70-ton hopper-gondola cars which were built 
by the American Car & Foundry Company at 
its Berwick, Pa., plant. These new cars are 
the first of this capacity and type to be used 
by the Lackawanna. A great part of the coal 
handled by the Lackawanna is anthracite and 
in building these cars particular attention was 
directed to the construction of the car body 
and doors in such a manner as to eliminate, 
as far as possible, the loss of the small sizes 
of coal by sifting. 

Increased loading capacity was obtained in 
this car by arranging the stakes on the inside 
of the side sheets instead of on the outside, 
as is the usual practice. There are 10 pressed 
steel stakes on each side of the car, two of 
which are secured to the center construction 
by means of deep gusset plates in order to 
prevent the bulging of the sides. The sides 
are further reinforced by four pressed steel 
cross ties placed at the top of the sides and 
properly spaced to give uniform stiffness. 
Three double hoppers are used which provide 
six extra large door openings with indepen- 
dently operated hopper doors to facilitate easy 
and rapid discharge of the lading. The details 
of the hoppers, such as the side and center 
hopper sheets, stiffeners, door spreaders and 
hopper doors, are standardized and. interchan- 
geable in order to minimize the number of 
parts required for repair work. The principal 
dimensions of the cars are shown in the accom- 
panying table. 


Principal dimensions 
of the Delaware Lackawanna & Western Railroad 
70-ton cars : 


Length over pulling face of cou- 
3 43 ft. 44 4/2 in. 


Length over buffers. ..... 41 ft. 5 in. 


Length inside, in the clear . . 40 ft. 0 in. 
Width,-over all’ 2s. rca. 10 ft. 2 3/4 in. 
‘Width inside =. 52> Sea 40 ft. 4 in. 
Height from top of rail to top of 

bod 2+... %.'_ sees. poo aan 10 ft. 8 in. 
Height from top of rail to hopper 

door/opening’ 2°. %)..5gnbeaee 40 5/8 inches. 
Center to center of trucks. . . 34 ft. 5 in. 
Wheel base of trucks... .. 5 ft. 8 in. 
Capacity, level full. . . . .. . 2755 cubic feet. 
Capacity, with 40-inch average 

heaps (2's pweeees s-aster in tees ROIOOO! Meas 
hight, welghtrss: seen ec: 50 800 lb. 


Details of construction. 


The under-frame is of the built-up type with 
two center sills composed of A. R.. A, standard 
12-inch special rolled channels, weighing 
40.3 lb. per foot, extending the entire length 
of the car, with a 1/2-inch by 12 3/4-inch top 
cover plate. The ends of the channel are coped 
away to receive the buffer attachments to- 
gether with a Union coupler centering device. 
There are seven pan-shaped 1/4 inch pressed 
fillers, and one saddle of 1/4 inch pressed steel 
located under each longitudinal ridge sheet, 
The body bolsters are built up of plate and 
angle construction. The bolster and side con- 
nection angles extend into the car. Diagonal 
braces of 5-inch by 3 1/2-inch by 3/8 inch 
angle section are connected to the center sills 
and. bolsters by 5/16-inch gusset plates. 

The top side angle is a 5/8-inch by 3 1/2-inch 
by 3/8-inch bulb angle running the entire 
length of the car. The bottom flange angle 
at the sides is 5 inches by 3 1/2 inches by 
3/8 inch and extends from bolster to bolster. 
The side sheets are 1/4-inch plate, except that 
at the end panels they are 3/16-inch plate, 


pressed with an offset to accommodate the 


side ladders. The side sheets are all pressed 
inward at the top with ten 1/4-inch stiffeners 
on each sidé of the car. The sub side-sill is 
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Fig. 5. —. End view of the car, showing the arrangement of the hand brake equipment. 


— 360 — 


a 9-inch, 17.5-lb. channel. The end sills are 
9-inch, 17.5-lb. channels with 3 1/2-inch by 
3 1/2-inch by 5/16-inch angle connections to 
the center sills and top cover plate. The corner 
posts are 3 1/2-inch by 3 1/2-inch by 5/16-inch 
angle-and the end posts are of 6-inch, 8.2 lb. 
channel, except at the corner where the hand 
brake is located. The end post at this point 
consists of two 4-inch, 8.2 lb. Z-bars arranged 
for the application of the Ajax handbrake. 
There are six hopper doors pressed from 
1/4-inch plate, known as Ajax corrugated doors 
manufactured by the Union Metal Products 
Company: The six doors operate indepen- 
dently and are equipped with the Enterprise 
Railway Equipment Company’s Type « D » 
door operating mechanism. 


Draft gear and trucks. 


The cars are equipped with the Cardwell 
draft gear, type G. 111-AA, secured between 
Universal cast steel draft lugs. The couplers, 
furnished by the Gould Coupler Company, are 
A. R. A, type « D » with 6-inch by 8-inch 
shank and the regular A, R. A. butt suitable 
for either the single key, vertical yoke or 
double key horizontal yoke attachment. The 
draft keys used are of 6-inch by 1l-inch by 


[ 624 432.3 (.73) J 


with Universal draft key retainers. The side 
bearings are- of the spring controlled anti- 
friction type manufactured by E. 8S. Woods & 
Company. 

The car superstructure is mounted on Bet- 
tendorf four-wheel trucks. These trucks have 
cast steel side frames with journal boxes cast 
integral and are arranged for six truck springs 
at each side frame. Cast steel truck bolsters 
are used, with integral center plates and they 
are arranged for the Barber lateral motion 
device. The trucks are designed for 70 tons 
capacity and are equipped with double coil 
springs manufactured by the Crucible Steel 
Company. Davis 33-inch steel wheels, manu- ° 
factured by American Steel Foundries, are 
mounted on 6-inch ‘by 11-inch axles. 

The cars are equipped with the National 
Car Equipment Company’s Ajax hand. brake 
which is designed to develop not less than 
3950 lb. pull at the brake cylinder push rod 
connection to the cylinder lever. The air 
‘brakes are Westinghouse automatic quick ac- 
tion, schedule K. D. 1012 with K-2 triple valve, 
centrifugal dirt collector, and double spring 
retaining valve, 10-20 type. A. R. A. No. 2 
plus Creco trussed brake beams with which 
Creco four-point brake beam supports are em- 


1/2-inch carbon steel, quenched and Comper eee 


5. — Denver & Rio Grande Western Railroad 4-8-2 three-cylinder locomotives. 
Figs. 6 to 12, pp. 361 to 366, 


(From the Railway Mechanical Engineer.) 


The Baldwin Locomotive Works has recently 
completed an order for ten three-cylinder loco- 
motives for the Denver & Rio Grande Western. 
These locomotives, one of which was exhibited 
during the recent convention of the Mechan- 
ical Division of the American Railway Asso- 
ciation at Atlantic City, are designed to meet 
the demands of unusually severe operating 
conditions over a road where the maximum 
grades are 3 % and the sharpest curves 
are 16°. They develop a maximum tractive 
force of 75 000 lb. which is exceptional for an 


eight-coupled design, giving these locomotives 
a hauling capacity that is exceeded by com- 
paratively few locomotives in freight service. 

It was the aim of the designers to obtain 
maximum capacity in a coal-burning unit of 
the 4-8-2 type, without exceeding certain spe- 
cified weights and clearance limits. To ac- 
complish this it was essential that all super- 
fluous weight be omitted and the detail parts 
are consequently as light as is consistent with 
the required strength. The total weight of 
one of these locomotives is 419 310 lb., of which 
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290 530 lb. is distributed over the drivers, 
67 880 lb. on the engine truck and 60 900 Ib. 
on the trailing truck. All three cylinders are 
25 by 30 inches and the outside diameter of 
the driving wheels is 67 inches. The boiler 
pressure is 210 lb, per square inch. 


A novel feature in the design is the con- 
struction of the cylinders. The three cylin- 
ders are of cast iron and cast separate from 
each other, the center cylinder being cast in 
one piece with the saddle. Both sides of the 
center cylinder casting are flanged to receive 
the two outside cylinders which are cast from 
the same pattern. The front frame rails are 
single, measuring 6 inches in width by 3 1/2 
inches in depth. The outside cylinders are 
bolted securely to the rails and also to the 
center cylinder casting. 
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The steam chest for the inside cylinder is 
placed on the right hand side and receives its 
steam supply from a branch leading from the 
right hand steam pipe. The location of this 
steam chest makes it necessary to run the 
exhaust passage for the right hand and inside 
cylinders underneath the latter to the left 
side of the casting, and then up to the hase 
of the exhaust pipe. All pipe joints subject 
to live steam pressure are placed outside 
where they are easily accessible. 


The steam distribution to each cylinder is 
controlled by a 12-inch piston valve having a 
steam lap of 1 1/8 inches and an exhaust 
clearance of 1/4 inch. The valves are set 
with a travel of 6 1/2 inches and a lead of 
1/4 inch, and are controlled by a Walschaerts 
gear. The motion on the left side is arranged 
in the usual way; but on the right side the main 
pin has attached to it a double return crank 
which operates two links, one for the inside 
eylinder and the other for the right hand 
outside cylinder. The inside valve receives its 
lead from the corresponding crosshead and the 
movement is transmitted from the plane of 
the latter to that of the outside link through 
a horizontal shaft -which is fulerumed in a 
rocker, the bearing of which is bolted to the 
main frames. This horizontal shaft passes 
through a crosshead to which the inside valve 
stem is attached. The three valve motions 


ylinder Mountain type locomotive built for the Denver & Riof Grande Western by the Baldwin Locomotive Works. 


Fig. 6. — Three-c 
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Fig. 7. — Drawing showing the construction of the inside cylinders. 


are controlled simultaneously by a power re- 
verse mechanism. 

The outside eccentric rod on the right hand 
side has a solid end of the usual design at 
the back end, while the inside rod necessarily 
has’ a split brass, which is held in place by a 
cap secured by two horizontal bolts. 

The piston of the inside cylinder is connected 
to the second pair of drivers and those of the 
two outside cylinders to the third pair. The 
outside crossheads are of the alligator type, 
while the inside one is of the underhung type, 
this design being used te provide sufficient 
clearance above the first driving axle. The 
outside guides and crossheads are unusually 
long, being 9 ft. 1/2 in. in length. The guides 
are supported by two bearers, placed respec- 


tively ahead.of and behind the leading drivers. 
The lips of the inside guide, which take the 
pressure when backing up, are separate pieces 
secured to the upper shoe of the guide by 
vertical bolts. This form of construction is 
amply strong and facilitates machining the 
various parts. 

The main and side rods are of I-section and 
made of carbon vanadium hammered steel, an- 
nealed. The crank pins are of the same’ ma- 
terial. Floating bushings are used on the 
main side rod pins and also on the back ends 
of the outside main rods. The back end of 
the inside main rod is of the strap type. 

The crank axle, a product of the Standard 
Steel Works Company, Philadelphia, Pa., is 
of the built up type in five parts: two end 
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Fie. 10. — The horizontal shaft with left and right 
side connections. 
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Fig. 9. — Drawing showing the construction of the outside cylinders. 


pieces, two crank cheeks and the center pin. to the cheeks. The three other driving axles 
The pin and axle portions are of normalized are of carbon vanadium steel. 

carbon vanadium steel and the crank cheeks The engine truck is of the Commonwealth 
are of open hearth carbon steel. Cast steel constant resistance type and the trailing truck 
counterweights, filled with lead, are bolted is of the Delta type. 
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The boiler, apart from its large dimensions, Valve gear,type......... Walschaerts. 
represents no unusual features of design. It Valves, piston type, size .... 412 inches. 
is of the conical type, 92 inches outside dia- 


; 4 : Weights in working order : 
meter at the first course and 104 inches outside 


; On drivers'). Vers. eee 290 530 Ib. 
diameter at the dome course. On trout tack eee 67 880 Ib 
pies? : , E : On trailing truck. ...... 60 900 Ib. 

\ . Total.engine = 045. 2. eure 449 340 Ib. 

\ | / Total engine'and tender . . . 716 400 lb. 

| ye Wheel bases : 
} Driving 2 ftahiien, oe 48 ft. 3 in. 
Misdle Valve. _p5it i 5 : Rigid... cof Md oe eee 44 ft. 40 in. 
lek x Sis ee ' Total engine! «eyes «cee 44 ft. 6 in. 
I ee a - OOS ples Total engine and tender .. . 86 ft. 5 in. 
i i Wheels, diameter outside tires : 
Driving .. 3 gede ao ene 67 inches. 
Front tru¢keaes sc) eee 36 inches. 
Trailing truck 6s) p= eer ene 49 inches. 
Boiler 
| Py pe 3. « cA teat ¢ auc ome Conical. 
ie EEX . Steam pressure... .. =. . 210 Ib. 
ae a a ait eg. To LH. Fuel; kind) ahi os.tes bee Bituminous. 
. Poe Z oer Diameter, first ring, inside . 9014/4 inches, 
Fig. 12. — Cross section of the valve gear mechanism Firebox, length and width . . 1264/8 inches by 
for the inside cylinder. 408 inches. 


Combustion chamber, length. 60 inches. 

Flues, number and diameter. 64 —51/2 inches. 
Tubes, number and diameter. 244— 21/4 — 
Length over tube sheets... 19 ft. 6 in. 
Grate areal janice: aoe 95 square feet. 


The boiler accessories include a superheater 
having 64 elements, two thermic syphons and 
du Pont-Simplex stoker. The brick arch is 
supported on the two syphons and three arch 
tubes. Five of the locomotives are equipped 
with Worthington feedwater heaters and the Heating surfaces : 


other five with the Elesco. Firebox and comb. chamber. 402 square feet. 
The stoker engine is mounted on the forward Arch tubes... ....-.-. 20 oe Pe 
end of the tender instead of on the locomotive, Thermic syphons...... . 0) =a 
as is the usual practice. The tank is of rec- Tubes and flues. . 0. . s SSI Siete 
tangular or water leg construction. The trucks Total evaporative. ...... 5 098 aed 
are of the six-wheel type, having 36-inch dia- Superheating . Se ae Re £495, tae 
meter wheels and 6-inch by 11-inch journals. Comb. evaporative and super- 
heating.) 3 <itaperiemem arent 6588 — — 
Table of dimensions, weights and proportions. Tender : 
Water capacity. ....... 15 000 gallons. 
Railroad’ s+ igemeaioash ign a nukes Denver & Rio Fuel capacity. ........ 25 tons. 
Sr NS Sa Journals, diameter and length. 6 in. by 14 in. 
Builder’... sc3geee ce eee Baldwin Locomo- 
tive ‘Works. General data estimated : 
Type of locomotive....... 4-8-2 Rated tractive force, 85 Jo. . ‘75.000 lb. 
Seryice.....ae annem me Heavy passenger. Factor of adhesion. ..... 3.88 


Cylinders, diameter and omens (3) 25 in, by 44 in. Cylinder horsepower (Cole). .” 3547 


